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HOW TO USE THIS SOIL SURVEY 


HIS SOIL SURVEY contains information 

that can be applied in managing farms and 
woodlands; in selecting sites for roads, ponds, 
buildings, or other structures; and in apprais- 
ing the value of tracts of land for agriculture, 
industry, or recreation. 


Locating Soils 


All the soils of Sac County are shown on the 
detailed map at the back of this survey. This 
map consists of many sheets that are made from 
aerial photographs. Each sheet is numbered to 
correspond with numbers shown on the Index 
to Map Sheets. 

On each sheet of the detailed map, soil areas 
are outlined and are identified by symbol. All 
areas marked with the same symbol are the 
same kind of soil. The soil symbol! is inside the 
area if there is enough room; otherwise, it is 
outside and a pointer shows where the symbol 
belongs. 


Finding and Using Information 


The “Guide to Mapping Units” can be used 
to find information in the survey. This guide 
lists all of the soils of the county in numerical 
order by map symbol. It shows the page where 
each kind of soil is described, and also the page 
for the capability unit in which the soil has 
been placed. 

Individual colored maps showing the relative 
suitability or limitations of soils for many spe- 
cific purposes can be developed by using the soil 
map and information in the text. Interpreta- 
tions not included in the text can be developed 
by grouping the soils according to their suit- 
ability or limitations for a particular use. 
Translucent material can be used as an overlay 


Cover: 


over the soil map and colored to show soils that 
have the same limitation or suitability. For ex- 
ample, soils that have a slight limitation for a 
given use can be colored green, those with a 
moderate limitation can be colored yellow, and 
ae with a severe limitation can be colored 
red. 

Farmers and those who work with farmers 
can learn about use and management of the 
soils in the soil descriptions and in the discus- 
sions of the capability units. 

Foresters and others can refer to the sub- 
section “Windbreaks and environmental plant- 
ings.” 

Game managers, sportsmen, and others con- 
cerned with wildlife will find information about 
soils and wildlife in the section ‘Wildlife 
habitat.” ; 

Community planners and others concerned 
with suburban development can read about the 
soil properties that affect the choice of home- 
sites, industrial sites, schools, and parks in the 
“Engineering” and ‘Recreation’ sections. 

Engineers and builders will find under “Soil 
properties” and “Engineering” tables that give 
engineering descriptions of the soils in the 
county and that name soil features that affect 
engineering practices and structures. 

Scientists and others can read about how the 
soils were formed and how they are classified in 
the section “Formation and classification of 
soils.” ; 

Students, teachers, and others will find infor- 
mation about soils and their management in 
various parts of the text. 

Newcomers in Sac County may be especially 
interested in the section “General soil map,” 
where broad patterns of soils are described. 
They may also be interested in the section 
“General nature of the county,” which gives 
additional information about the county. 
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AC COUNTY is in northwestern Iowa (fig. 1). It 
has an area of about 369,920 acres. Sac City is th 

county seat. ; 

Most of the acreage in the county is in farms. Corn, 
soybeans, oats, hay, and pasture are the main crops. 
The raising of hogs and the feeding of beef cattle are 
the principal livestock enterprises. 

Most of the soils in Sac County formed under 
prairie vegetation. They are dark colored and fertile. 

The climate is subhumid and continental. Winters 
are cold, and summers are warm. The growing season 
is long enough for crops commonly grown in the 
county to mature. 


How this survey was made 


Soil scientists made this survey to learn what kinds 
of soil are in Sac County, where they are located, and 
how they can be used. The soil scientists went into 
the county knowing they likely would find many soils 
they had already seen and perhaps some they had not. 
They observed the steepness, length, and shape of 
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Figure 1.—Location of Sac County in Iowa. 
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slopes; the size and nature of streams; the kinds of 
native plants or crops; the kinds of rock; and many 
facts about the soils.. They dug many holes to expose 
soil profiles. A profile is the sequence of natural layers, 
or horizons, in a soil; it extends from the surface down 
into the parent material that has not been changed 
much be leaching or by the action of plant roots. 

The soil scientists made comparisons among the 
profiles they studied, and they compared these profiles 
with those in counties nearby and in places more dis- 
tant. They classified and named the soils according to 
nationwide, uniform procedures. The soil series and 
the soil phase are the categories of soil classification 
most used in a local survey. 

Soils that have profiles almost alike make up a soil 
series. Except for different texture in the surface 
layer, all the soils of one series have major horizons 
that are similar in thickness, management, and other 
important characteristics. Each soil series is named 
for a town or other geographic feature near the place 
where a soil of that series was first observed and 
mapped. Galva and Sac, for example, are the names of 
two soil series. All the soils in the United States having 
the same series name are essentially alike in those 
characteristics that affect their behavior in the un- 
disturbed landscape. 

Soils of one series can differ in texture of the surface 
layer and in slope, stoniness, or some other charac- 
teristic that affects use of the soils by man. On the 
basis of such differences, a soil series is divided into 
phases. The name of a soil phase indicates a feature 
that affects management. For example, Marshall silty 
clay loam, 2 to 5 percent slopes, is one of several phases 
within the Marshall series. 

After a guide for classifying and naming the soils 
had been worked out, the soil scientists drew the 
boundaries of the individual soils on aerial photo- 
graphs. These photographs show woodlands, build- 
ings, field borders, trees, and other details that help in 
drawing boundaries accurately. The soil map at the 
back of this publication was prepared from aerial 
photographs. 

The areas shown on a soil map are called mapping 
units. On most maps detailed enough to be useful in 
planning the management of farms and fields, a map- 
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ping unit is nearly equivalent to a’soil phase. It is not 
exactly equivalent, because it is not practical to show 
on such a map all the small, scattered bits of soil of 
some kind that have been seen within an area that is 
dominantly of a recognized soil phase. 

Some mapping units are made up of soils of different 
series, or of different phases within one series. One 
such kind of mapping unit, the soil complex, is shown 
on the soil map of Sac County. 

A soil complex consists of areas of two or more 
soils, so intricately mixed or so small in size that they 
cannot be shown separately on the soil map. Hach 
area of a complex contains some of each of the two or 
more dominant soils. The pattern and relative propor- 
tions of the dominant soils are about the same in all 
areas, Generally, the name of a soil complex consists 
of the names of the dominant soils, joined by a hyphen. 
Coland-Spillville complex is an example. 

In most areas surveyed there are places where the 
soil material is so rocky, so shallow, so severely 
eroded, or so variable that it has not been classified 
by soil series. These places are shown on the soil map, 
are described in the survey, and are given descriptive 
names. Alluvial land is an example in this survey. 

While a soil survey is in progress, soil scientists 
take soil samples needed for laboratory measurements 
and for engineering tests. Laboratory data from the 
same kind of soil in other places are also assembled. 
Data on yields of crops under defined practices aré 
assembled from farm records and from field or plot 
experiments on the same kind of soil. Yields under 
defined management are estimated for all the soils. 

Soil scientists observe how soils behave when used 
as a growing place for native and cultivated plants 
and as material for structures, foundations for struc- 
tures, or covering for structures. They relate this be- 
havior to properties of the soils. For example, they 
observe that filter fields for onsite disposal of sewage 
fail on a given kind of soil, and they relate this to the 
slow permeability of the soil or its high water table. 
They see that streets, road pavements, and founda- 
tions for houses are cracked on a named kind of soil 
and they relate this failure to the high shrink-swell 
potential of the soil material. Thus, they use observa- 
tion and knowledge of soil properties, together with 
available research data, to predict limitations or suit- 
ability of soils for present and potential uses. , 


General soil map 
The general soil map at the back of this survey 


shows, in color, the soil associations in Sac County. A’ 


soil association is a landscape that has a distinctive 
proportional pattern of soils. It normally consists of 
one or more major soils and at least one minor soil, 
and it is named for the major soils. The soils in one 
association may occur in another, but in a different 
pattern. 

A map showing soil associations is useful to people 
who want a general idea of the soils in a county, who 
want to compare different parts of a county, or who 
want to know the location of large tracts that are 
suitable for a certain kind of farming or other land 
use. Such a map is not suitable for planning the man- 


agement of a farm or field, because the soils in any one 
association ordinarily differ in slope, depth, drainage, 
or other characteristics that affect management. The 
six soil associations in Sac County are described in 
the following paragraphs. 


1. Clarion-Nicollet-Canisteo association 


Well drained to poorly drained, loamy, nearly level to 
strongly sloping soils on uplands ' 


This association is in the eastern part of the county. 
Most of the soils are nearly level or gently undulating; 
however, near the larger streams many of the soils 
are gently rolling to hilly and a few are steep or very 
steep (fig. 2). The soils are drained almost entirely 
by Raccoon River and its tributaries. The drainage 
pattern is not well established, and closed depressions, 
or “potholes,” are common. 

This association covers about 48 percent of the 
county. It is about 80 percent Clarion soils, about 14 
percent Nicollet soils, about 14 percent Canisteo soils, 
and about 10 percent Webster soils. The remaining 32 
percent is-‘minor soils. 

Clarion soils are on convex knolls and hillsides at 
higher elevations than most of the adjoining soils. 
They are gently sloping to strongly sloping and are 
well drained. The surface layer is black and dark 
brown loam about 16 inches thick. The subsoil is 
brown and dark yellowish brown friable loam. 

Nicollet soils are at intermediate elevations between 
the adjoining well drained soils and the poorly drained 
soils. They are nearly level to gently sloping and are 
somewhat poorly drained to moderately well drained. 
The surface layer is black loam about 14 inches thick. 
The subsoil is very dark grayish brown, dark grayish 
brown, olive, and olive brown, friable clay loam and 
loam. 

Canisteo soils are in swales or in other low-lying 
areas. They are nearly level and are poorly drained. 
The surface layer is black and very dark gray silty 
clay loam about 16 inches thick. The subsoil is gray, 
olive gray, and light olive gray, friable clay loam or 
loam. Canisteo soils have a high content of lime 
throughout the profile. 

The most extensive minor soils in this association 
are poorly drained Webster soils. They are similar to 
Canisteo soils, but do not have a high content of lime 
in the upper part of the profile. Other minor soils in- 
clude excessively drained or somewhat excessively 
drained, calcareous Storden.and Salida soils; well 
drained Wadena soils; poorly drained Biscay soils; 
calcareous, poorly drained Talcot soils; very poorly 
drained Okoboji soils in depressions; and poorly 
drained Harps soils, which are on rims of depressions 
and have a high content of lime. The Salida, Wadena, 
Biscay, and Talcot soils in this association are under- 
lain by sand and gravel. 

The soils in this association are used intensively for 
corn and soybeans. Other common crops are oats and 
hay. Some undrained areas and some of the more slop- 
ing soils and droughty soils are in permanent pasture. 
Growing cash grain crops and raising livestock are 
the main enterprises. 

Crops grow well on most of these soils. They do not 
grow well, however, on the droughty soils; on the 
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Figure 2,—Relationship of parent material and soils in the Clarion-Nicollet-Canisteo association. 


strongly sloping to very steep soils, which have a very 
severe hazard of erosion; and on the poorly drained 
and very poorly drained soils that have not been arti- 
ficially drained. Fertility varies, but if row crops are 
grown intensively, nitrogen, phosphorus, and potas- 
sium are beneficial. The high content of lime in some 
of the soils reduces the availability of phosphorus and 
some other plant nutrients. 

Many areas of these soils require artificial drainage. 
Most areas are drained by tile lines. Shallow drainage 
ditches are used in some depressions, and large drain- 
age ditches are also used in places. Erosion is a hazard 
on the sloping soils. Terraces and other practices that 
involve contour tillage are difficult to establish. The 
soils that are subject to erosion typically have short, 
irregular slopes and are intermingled in an intricate 
pattern with nearly level soils that need drainage. 
Plowing in fall, which is a common practice, increases 
the hazard of water erosion and creates a hazard of 
soil blowing. Road ditches and drainage ditches tend 
to fill in and have to be dredged out periodically. 

Farm size in this association is about average for 
the county. Fields are generally large. Some are ir- 
regular in shape because of drainage ditches or de- 
pressions that cannot be farmed. Roads are mostly on 
section lines except in a few places where they go 
around wet areas. They are paved or graveled. 


2. Galva-Primghar-Sac association 


Well drained to somewhat poorly drained, silty, nearly 
level to moderately sloping soils on uplands 


This association forms a band about 3 miles wide 
along the east side of Boyer River. It is drained by the 
Boyer and its tributaries. These soils are dominantly 
well drained and gently sloping. Slopes are long, and 
there is a well established drainage pattern. The soils 
in the drainageways are mainly somewhat poorly 
drained or poorly drained and are nearly level or 
gently sloping. The soils near the major streams gen- 
erally are moderately sloping (fig. 3). 

This association covers about 12 percent of the 
county. It is about 35 percent Galva soils, about 20 
percent Primghar soils, and about 16 percent Sac 
soils. The remaining 29 percent is minor soils. ae 

Galva soils are on convex ridgetops and hillsides. 
They are nearly level to moderately sloping, but most 
areas are gently sloping. They are well drained. The 
surface layer is black and very dark grayish brown 
silty clay loam and is about 16 inches thick unless 
eroded. The subsoil is mostly brown, friable silty clay 
loam. 

Primghar soils are on slightly convex ridgetops at 
the highest elevations and in concave positions on the 
upper parts of drainageways. They are nearly level to 
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Figure 3.—Relationship of parent material and soils in the Galva-Primghar-Sac association. 


gently sloping and are somewhat poorly drained. Typi- 
cally, the surface layer is black and very dark gray 
silty clay loam about 20 inches thick. The subsoil is 
dark grayish brown and olive brown, friable silty clay 
loam. 

Sac soils are on convex ridgetops and hillsides. They 
are gently sloping and moderately sloping and are well 
drained. The surface layer is black, very dark gray, 
and very dark grayish brown silty clay loam about 14 
inches thick. The subsoil is brown and yellowish brown 
and is friable. It is silty clay loam in the upper part 
and clay loam in the lower part. 

Minor soils in this association are poorly drained 
Afton, Colo, and Marcus soils; 
drained Ackmore and Ely soils; and moderately well 
drained to somewhat poorly drained Spillville soils. 
All of these soils are in valleys or drainageways on 
bottom lands or foot slopes. Well drained Everly soils 
and somewhat excessively drained Storden soils are on 
convex upland positions. 

The soils in this association are used intensively for 
corn and soybeans. Other common crops are oats and 
hay. The few permanent pastures are on wet soils that 
have not been artificially drained, in frequently 
flooded areas, and on short slopes next to the other 
areas. Cash grain crops and livestock feeding are the 
main enterprises. Some large livestock enterprises are 
in this association. 

Crops grow well on these soils and respond well to 
nitrogen and phosphorus. In places lime or potassium, 
or both, is beneficial. 


somewhat poorly - 


Erosion is a hazard on the sloping soils. The soils 
are well suited to terraces, contour tillage, stripcrop- 
ping, and other practices that follow the contour of 
the land. Slopes are long and relatively smooth. Most 
of the soils have a friable subsoil that can be restored 
to reasonable productivity if it is exposed in terrace 
cuts. Soil blowing is a management concern when the 
soils are plowed in fall, especially following soybeans. 

Many of the soils in the drainageways require arti- 
ficial drainage for good production. Others, such as 
the Primghar soils, could be cultivated without arti- 
ficial drainage but are drained to avoid delaying field 
operations. Lines of tile are installed in the drainage- 
ways, and they normally function well. 

Farm size in this association: is about average for 
the county. Fields are generally large. Contoured fields 
are common, and most have long rows. Roads are on a 
majority of the section lines, and most are graveled or 
paved. 


3. Galva-Primghar-Afton association 


Well drained to poorly drained, silty, nearly level to 
moderately sloping soils on uplands and in drainage- 
ways 


This association is mainly west of Boyer River. It is 
drained by the Boyer and its tributaries and by tribu- 
taries of the Maple River. These soils are dominantly 
well drained and gently sloping. Slopes are long, and 
there is a well established drainage pattern. The soils 
in the drainageways are mainly somewhat poorly 
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drained or poorly drained and are nearly level or 
gently sloping. Some of the soils near the major 
streams are moderately sloping and have shorter 
slopes. 

This association covers about 25 percent of the 
county. The association is about 42 percent Galva 
soils, about 17 percent Primghar soils, about 9 percent 
Afton soils, and 8 percent Sac soils. The remaining 24 
percent is minor soils. 

Galva soils are on convex ridgetops and hillsides. 
They are nearly level to moderately sloping, but most 
areas are gently sloping. The soils are well drained. 
The surface layer is black and very dark grayish 
brown silty clay loam and is about 16 inches thick 
unless eroded. The subsoil is mostly brown, friable 
silty clay loam. 

Primghar soils are on slightly convex ridgetops at 
the highest elevations and, more commonly, at the 
heads of drainageways in concave positions. They are 
nearly level to gently sloping and are somewhat poorly 
drained. Typically, the surface layer is black and very 
dark gray silty clay loam and the subsoil is dark 
ae brown and olive brown, friable silty clay 
oam. 

Afton soils are in concave areas in drainageways. 
They are nearly level and poorly drained. The surface 
layer is black silty clay loam about 25 inches thick. 
The subsoil is very dark gray, gray, and olive gray, 
friable to firm silty clay loam. 

Sac soils are intermingled with Galva soils on con- 
vex hillsides. They are gently sloping and moderately 
sloping and are well drained. Among the other minor 
soils are the poorly drained Colo and Marcus soils and 
the somewhat poorly drained Ackmore and Ely soils. 
These soils are on bottom lands, on foot slopes, or in 
drainageways. The well drained Shelby soils are on 
convex hillsides. 

The soils in this association are used intensively for 
corn and soybeans. Other common crops are oats and 
hay. A few permanent pastures are on poorly drained 
soils that have not been artificially drained, in fre- 


quently flooded areas, and on moderately sloping soils © 


that are next to these wet soils. 

Crops grow well on these soils and respond well to 
nitrogen and phosphorus and, in places, to potassium 
and lime. 

Erosion is a hazard on the sloping soils. The soils 
are well suited to terraces, contour tillage, strip- 
cropping, and other practices that follow the contour 
of the land. Slopes are long and relatively smooth. Care 
is needed to avoid exposing the glacial till subsoil or 
substratum in Sac soils and in others in which the till 
is near the surface. The till in this association generally 
is firm clay loam. It is much less favorable for plant 
growth than the surface layer. Soil blowing is a 
management concern when the soils are plowed in fall, 
especially following soybeans. 

Many of the soils in the drainageways require 
artificial drainage for good production. Others, such 
as the Primghar and Ely soils, could be cultivated 
without artificial drainage but are drained to avoid 
delaying field operations. Lines of tile are installed in 
these soils, and they normally function well. 

Farm size in this association is about average for the 


county. Fields are generally large. Contoured fields 
are common, and most have long rows. Roads are on 
a majority of the section lines, and most are graveled 
or paved. 


4. Marshall association 
Well drained, silty, gently sloping to strongly sloping 
soils on uplands 

This association is in the southwestern, most slop- 
ing part of the county. Gently sloping Marshall soils 
are on narrow ridgetops, and moderately sloping and 
strongly sloping Marshall soils are on hillsides. Other 
soils on hillsides range from moderately sloping to 
steep (fig. 4). Slopes in most places are long. This 
association is drained mainly by Boyer River and its 
tributaries. The drainage pattern is well established. 
Streambanks and sides of drainageways are more slop- 


_ing in this part of the county than in other parts. 


This association covers about 9 percent of the 
county. It is about 63 percent Marshall soils and 37 
percent minor soils. : . 

Marshall soils are gently sloping to strongly sloping 
and are well drained. Typically, the surface layer is 
very dark brown and very dark grayish brown silty 
clay loam and is about 12 inches thick unless eroded. 
The subsoil is dark brown, brown, and dark yellowish 
brown, friable silty clay loam. : 

Minor soils in this association are well drained Ida, 
Monona, Steinauer, and Shelby soils on hillsides and 
Kennebec, Ackmore, Colo, Judson, and Zook soils on 


‘bottom lands, on foot slopes, and in drainageways. 


These soils are well drained to poorly drained. 

The major crop in this association is corn. Other 
common crops are soybeans, oats, and hay. More acre- 
age in this association is in permanent pasture or in 
semipermanent pasture than in other associations be- 
cause of the topography. 

Crops grow well on these soils and respond well to 
nitrogen and phosphorus and, in places, to potassium 
and lime. — ; 

Erosion is a severe hazard in much of this associa- 
tion, and runoff is excessive in places. Terraces or 
other effective erosion control measures are needed on 
the sloping soils, especially if the soils are intensively 
used for row crops. These practices also help to con- 
serve moisture by slowing runoff. Limited available 
moisture reduces yields in many years. The soils are 
reasonably well suited to practices that involve con- 
tour tillage. Practices that control erosion are more 
difficult to establish on the strongly sloping and mod- 
erately steep soils than on areas of less sloping soils. 
Droughtiness is a management concern in some years. 

The main management concern in the valleys is run- 
off from upslope. Erosion control measures on hill- 
sides help prevent siltation, rilling, and wetness on the 
soils in the valleys. Gullying is a severe hazard in some 
drainageways. Reducing runoff helps prevent gullying. 
Some of the soils are wet, and tiling is used. 

Most farms are diversified. Cash grain crops and 
livestock are the main enterprises. This association 
has a wider range in farm size than other associations. 
Fields are smaller and more irregularly shaped than 
those of other associations. Roads are on a majority 
of the section lines, and most are paved or graveled. 
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Figure 4.—Relationship of parent material and soils in the Marshall association. 


5. Colo-Galva association 


Poorly drained to well drained, silty, nearly level and 
gently sloping soils on bottom lands and stream 
enches 


This association is in the Boyer River Valley. It 
ranges from less than 14 mile to about 2 miles in 
width. The soils of this association are mainly nearly 
level or gently sloping, but some thin bands of moder- 
ately sloping soils are on breaks between the stream 
benches and bottom lands. . 

This association covers about 3 percent of the 
county. It is about 45 percent Colo soils and about 
25 percent Galva soils on benches. The remaining 30 
percent is minor soils. 

Colo soils are on bottom lands mainly next to 


streams and are subject to flooding. They are nearly . 


level and are poorly drained. Typically, they are black 
silty clay loam to a depth of 3 or 4 feet. 

Galva soils are on benches that are about 5 to 15 
feet above the flood plain. They are nearly level and 
gently sloping and are well drained. Typically, the 
surface layer is black and very dark grayish brown 
silty clay loam. The subsoil is mainly brown, friable 
silty clay loam. _ 

Minor soils in this association include poorly drained 
Zook soils and somewhat poorly drained Ackmore soils 
on bottom lands. Many other minor soils that have a 
wide range of properties are in this association. ° 

The soils in this association that are not frequently 
flooded are used intensively for corn and soybeans. 
Other common crops are oats and hay. Frequently 


flooded areas are generally used for pasture. 

Crops grow well on most of these soils, but not on 
the few droughty soils nor on-those soils that are fre- 
quently flooded. Nitrogen and, in places, phosphorus, 
potassium, and lime are beneficial to these soils. 

The soils on bottom lands are subject to flooding. 
Many are poorly drained or somewhat poorly drained. 
Flooding is usually controlled by using levees, although 
some channel straightening has been done. Tile nor- 
mally functions satisfactorily for drainage if adequate 
outlets are available. Surface drains are used where 
outlets are not available or where the soils are too fine 
textured for tile to function properly. 

The nearly level soils on benches have no serious 
limitations to intensive use for row crops. The gently 
sloping and moderately sloping soils along the edges 
of the benches have a hazard of erosion; some are 
droughty because they are sandy or they have a sand 
and gravel substratum. 

Many farms are large, and many are partly in this 
association and partly in an adjoining association. 
Fields are large, and rows are straight in most areas. 
Many of the gravel pits of the county are in this asso- 
ciation. Roads are on a majority of the section lines, 
and most are graveled. 


6. Coland-Alluvial land-Spillville association 


Well drained to poorly drained, sandy and loamy, 
nearly level and gently sloping soils on bottom lands 


This association is in the Raccoon River valley. It 
ranges from about 14 mile to about 2 miles in width. 
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. The soils are mainly nearly level or gently sloping, 
except for narrow bands of more sloping soils on foot 
slopes or on breaks from benches to the flood plain. 

This association covers about 3 percent of the 
county. It is about 25 percent Coland soils, about 25 
percent Alluvial land, and about 20 percent Spillville 
soils. The remaining 30 percent is minor soils. 

Coland soils are on bottom lands mainly next to the 
stream, and some areas are on foot slopes. These soils 
are nearly level and gently sloping, and they are poorly 
drained. Typically, these soils are black or very gray 
clay loam to a depth of 3 or 4 feet. 

Alluvial land consists of material recently deposited 
by the Raccoon River. Most of the areas are nearly 
level, but some are gently sloping. Other properties 
vary widely. These soils are subject to frequent flood- 
ing. : 

Spillville soils are on bottom lands and foot slopes. 
They are nearly level and gently sloping, and they are 
moderately well drained to somewhat poorly drained. 
These soils are black and very dark grayish brown 

loam to a depth of 8 or 4 feet. 

Minor soils in this association include well drained 
Wadena soils, somewhat poorly drained Cylinder soils, 
and poorly drained Biscay soils. All of these soils are 
on benches and are underlain by sand and gravel. 
Many other small areas of soils that range from 
droughty and gravelly to poorly drained and clayey 
are in this association. 

Most of the soils on benches and higher bottom 
lands are used intensively for corn and soybeans. 
Other common crops are oats and hay. The soils that 
flood frequently are generally used for pasture, and 
many of these have stands of trees. 

Some soils in this association are well suited to row 
crops, but droughtiness or flooding, or both, limit the 
suitability of many of the soils for cultivated crops. 
Fertility varies considerably, but crops normally re- 
spond well to nitrogen and to other nutrients. 

Flooding is the major hazard, and levees have been 
built in places. Erosion is a hazard on the sloping soils 
at the edges of benches and on foot slopes. Many of 
these soils receive runoff from upslope. Runoff can be 
reduced by using conservation practices on hillsides. 

Most farms in this association are partly in the 
Clarion-Nicollet-Canisteo association. Most are diver- 
sified. Cash grain crops and livestock are the main 
enterprises. Many of the gravel pits in the county are 
in this association. Roads are on a majority of the 
section lines, and most are graveled. 


Descriptions of the soils 


This section describes the soil series and mapping 
units of Sac County. The acreage and proportionate 
extent of each mapping unit are given in table 1. 

The procedure is first to describe the soil series and 
then the mapping units in that series. Thus, to get full 
information on any one mapping unit, it is necessary 
to read the description of that unit and also the de- 
scription of the soil series to which it belongs. As men- 
tioned in the section “How the Survey Was Made,” 
not all mapping units are members of a soil series. 
Alluvial land and Marsh, for example, do not belong 


to a soil series. They are listed, nevertheless, in alpha- 
betic order along with the soil series. ; . 

In comparing a mapping unit with a soil series, 
many will prefer to read the short description in para- 
graph form. It precedes the technical description that 
identifies layers by A, B, and C horizons and depth 
ranges. The technical profile descriptions are mainly 
for soil scientists and others who want detailed infor- 
mation about soils. Unless otherwise indicated, the 
colors given in the descriptions are those of a moist 
soil. Some of the terms used to describe the soils are 
defined in the Glossary at the back of this soil survey. 
More detailed information about the terminology and 
the methods of mapping can be obtained from the 
Soil Survey Manual (72).7 . a 

Preceding the name of each mapping unit is a sym- 
bol that identifies the mapping unit on the detailed 
soil map. Listed at the end of each description of a 
mapping unit is the capability unit in which the map- 
ping unit has been placed. The page on which each 
capability unit is described can be found by referring 
to the “Guide to Mapping Units” at the back of this 
survey. 


Ackmore series 


The Ackmore series consists of somewhat poorly 
drained, nearly level and gently sloping soils on bot- 
tom lands and in drainageways. These soils formed in 
medium textured and moderately fine textured allu- 
vium. The native vegetation was prairie grasses and 
some trees. . 

In a representative profile the surface layer is very 
dark gray and very dark grayish brown silt loam 


‘ about 11 inches thick. The underlying material, to a 


depth of 35 inches, is very dark grayish brown and 
very dark gray silt loam. Below this is a buried soil 
of black silty clay loam that extends to a depth of 70 
inches or more. : 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep, but in wet 
seasons it is restricted by a high water table. Organic 
matter content is high to moderate. . 

Ackmore soils are generally used for cultivated 
crops where flooding and run-on are not severe haz- 
ards. 

Representative profile of Ackmore silt loam, 0 to 2 
percent slopes, in a pasture, 325 feet west and 800 feet 
south of the northeast corner of sec. 31, T. 87 N., R. 
38 W.: 

A11—0 to 2 inches; very dark gray (10YR 3/1) 
silt loam; weak fine granular structure; 
friable; neutral; abrupt smooth bound- 
ary. : 

A12—2 to 11 inches; very dark grayish brown 
(10YR 8/2) silt loam; very dark gray 
(10YR 3/1) coatings on peds; some thin 
strata of dark grayish brown (10YR 
4/2); weak platy structure parting to 
moderate fine subangular blocky: friable; 
few fine reddish iron oxide stains; neu- 
tral: clear smooth boundary. 

C1—11 to 25 inches; very dark grayish brown 


+Italic numbers in parentheses refer to Literature cited, p. 128. 
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TABLE 1.—Acreage and proportionate extent of the soils 


Soil name 


Colo silty clay loam, 0 to 2 percent slopes _--__-----_-------------------__ 
Zook silty clay, 0 to 2 percent slopes -_--------.---___~-_-__-__------_-_-__ 
Coland clay loam, 0 to 2 percent slopes _-_-----__.-_---_----_-_----__---____ 
Coland clay loam, 2 to 4 percent slopes -_-___--__._-. es 
Clarion loam, 2 to 5 percent slopes -._ — 
Clarion loam, 5 to 9 percent slopes _-_--------_--------~_~_~______------__ 
Clarion loam, 5 to 9 percent slopes, moderately eroded _-__________________- 
Clarion loam, 9 to 14 percent slopes, moderately eroded _-___-______-_-__.__ 
Bolan loam, 2 to 5 percent slopes _---------_--___________-_--_--_-______ 
Bolan loam, 5 to 9 percent slopes, moderately eroded _...__._-____-____-___ 
Bolan loam, 9 to 14 percent slopes, moderately eroded __.__-____-______-___ 
Coland-Spillville complex, 2 to 5 pereent S1OPeS so 
Coland-Spillville complex, channeled, 2 to 5 percent slopes _--___.______.___ 
Cylinder loam, 24 to 32 inches to sand and gravel, 0 to 2 percent slopes _____ 
Cylinder loam, 82 to 40 inches to sand and gravel, 0 to 2 percent slopes _____ 
Palms muck, 0 to 1 percent slopes -.--_.--_-_--_-_----.-_---_._-_-_._____ 
Nishna silty clay loam, 0 to 2 percent slopes --.-.-----.--_--_~____________ 
Lester loam, 2 to 7 percent slopes _------_.----_-__________-_-_i 
Biscay clay loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes ___ 
Rolfe loam, 0 to 1 percent slopes _---_.-----_-._-_______--_-_-_-_-_ 
Wadena loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes -_.___ 


Acres 


Percent 


(*) 
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TABLE 1.—Acreage and proportionate extent of the soils—Continued 


Soil name Percent 
308B Wadena loam, 82 to 40 inches to sand and gravel, 2 to 5 percent slopes ______ 245 0.1 
310 Galva silty clay loam, 0 to 2 percent slopes _________---__-_---_-_-~-_----- 855 0.2 
310B Galva silty clay loam, 2 to 5 percent slopes --.___._-__-_____- 48,470 13.1 
310B2 Galva silty clay loam, 2 to 5 percent slopes, moderately eroded 435 0.1 
310C Galva silty clay loam, 5 to 9 percent slopes _____-_____-__-__ 2,515 0.7 
310C2 Galva silty clay loam, 5 to 9 percent slopes, moderately eroded 4,220 11 
T310 Galva silty clay loam, benches, 0 to 2 percent slopes — 2,980 0.8 
T310B Galva silty clay loam, benches, 2 to 5 percent slopes — 720 0.2 
315 Alluvial land ~-.-.--.-.-_-_-._-__-__--____.__.- 3,880 0.9 
3238 Terril loam, sandy substratum, 2 to 5 percent slopes 185 0.1 
325 Le Sueur loam, 1 to 3 percent slopes _---_---_--. 220 0.1 
354 Marsh} 222-2 eo a i ee 220 0.1 
384 Collinwood silty clay loam, 1 to 3 percent slopes --_..--..----------------- 870 0.1 
390 Waldorf silty clay loam, 0 to 2 percent slopes -----_-_.--------_--_--------- 1,050 0.3 
397B Letri silty clay loam, 1 to 4 percent slopes __-__-_-_..--..---------------_--_ 500 0.1 
428 Ely silty clay loam, 1 to 8 percent slopes -__-.---.--_-------_------+--.--- 1,010 0.3 
430 Ackmore silt loam, 0 to 2 percent slopes ~_-_-___-_--------------_-------- 2,280 0.6 
430B Ackmore silt loam, 2 to 5 percent slopes _.-----_-.---__---.------_~.-_-.-- 830 0.1 
485 Spillville loam, 0 to 2 percent slopes -_..__.__.-__-____-_-____~___-----_-_--- 8,740 1.0 
4858 Spillville loam, 2 to 5 percent slopes -.-._____.--------------------.-----__ 2,990 0.8 
506 acousta silty clay loam, 0 to 1 percent slopes --------_-..-_.----_--_-_-_ 700 0.2 
507 Canisteo silty clay loam, 0 to 2 percent slopes -.--_-._.._--_-._-__-________ 27,885 TA 
51 Blue Earth silty clay loam, 0 to 1 percent slopes --_-____________--__-___._ 2,345 0.6 
559 Talcot clay loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes —__ 385 0.1 
577C2 Everly clay loam, 4 to 9 percent slopes, moderately eroded -.--__._-_--_-_-_ 600 0.2 
577D2 Everly clay loam, 9 to 14 percent slopes, moderately eroded _-._.__.__.-_____ 260 0.1 
606 Lanyon silty ag loam, 0 to 1 percent slopes -------_--_-._--_~_--_-~-_-._ 820 0.1 
733 Calco silty clay loam, 0 to 2 percent slopes ---.._-..._-._-_.______--___-__ 1,110 0.3 
823B Flagler sandy loam, calcareous subsoil variant, 2 to 5 percent slopes _.--.... 865 0.2 
823C2 Flagler sandy loam, calcareous subsoil variant, 5 to 9 
percent slopes, moderately eroded ~_.._.____-_--__-.--_--_--_-_---_ 450 0.1 
Gravel pits and quarries -_-___--________-_--_--_ 1,065 0.3 
Water, borrow areas, and miscellaneous land -...--_____--_.----_____ 550 0.1 
ol A) 8 en ee Ee PO OE PRR 369,920 100.0 


* Less than 0.1 percent. 


(10YR 3/2) silt loam; some thin strata 
of dark grayish brown (10YR 4/2); 
moderate thin platy structure; friable; 
common medium distinct reddish mot- 
tles; neutral; clear smooth boundary. 

C2—25 to 85 inches; very dark gray (N 3/0) 
heavy silt loam; common fine faint very 
dark grayish brown (2/5Y 3/2) mot- 
tles; moderate thin platy structure; fri- 
able; common medium reddish ‘brown 
mottles; slightly acid; abrupt smooth 
boundary. 

Ailb—25 to 39 inches; black (10YR 2/1) light 
silty clay loam; common fine faint very 
dark gray (10YR 3/1) mottles; moder- 
ate fine and very fine subangular blocky 
structure; friable; slightly acid; gradual 
smooth boundary. 

A12b—39 to 57 inches; black (10YR 2/1) silty 
clay loam; weak fine and very fine sub- 
angular blocky structure; friable; neu- 
tral; gradual smooth boundary. 

A13b—57 to 70 inches; black (10YR 2/1) heavy 
silty clay loam; weak fine and very fine 
subangular blocky structure; friable; 
few fine reddish accumulations (ox- 
ides); mildly alkaline. 

The A and C horizons are black (LOYR 2/1) to very 


dark grayish brown (10YR 3/2) silt loam but are 
light silty clay loam in places, The Ab horizon is black 
(N ae 10YR 2/1,.or 5Y 2/1) or very dark gray (5Y 
3/1). ; 

The upper boundary of the Ab horizon generally is 
at a depth of 20 to 40 inches, but in mapping unit 
430B the boundary is below a depth of 40 inches. This 
is not within the defined range of the Ackmore series, 
but this difference does not significantly affect the use 
and behavior of the soil. 

Ackmore and Kennebec soils formed in similar par- 
ent material and are in similar landscape positions. 
Ackmore soils are more stratified than Kennebec soils, 
and they typically have a buried soil that Kennebec 
soils do not have. 

430—Ackmore silt loam, 0 to 2 percent slopes. This 
soil is generally in areas near streams. Most areas are 
2 to 10 acres in size and are long and narrow in shape. 
This soil has the profile described as representative of 
the series. 

The main management concern is wetness. This soil 
is well suited to cultivated crops if it is adequately 
drained and if flooding is controlled. Undrained and 
unprotected areas are better suited to pasture than to 
cultivated crops. This soil is usually farmed with other 
nearly level bottom land soils, some of which are 
poorly drained. Capability unit IIw-2. 

430B—Ackmore silt loam, 2 to 5 percent slopes. This 
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soil is on foot slopes. Most areas are 2 to 20 acres in 
size and are long and narrow in shape. 

This soil has a moderate erosion hazard. It receives 
runoff from adjoining slopes, which, if not controlled, 
causes rilling, siltation, and, in places, wetness. This 
soil is well suited to cultivation if runoff is controlled. 
This soil is generally farmed with nearly level bottom 
land soils, but some areas are farmed with the adjoin- 
ing upland soils. Capability unit IIe-1. 


Afton series 


The Afton series consists of poorly drained, nearly 
level soils in drainageways. These soils formed in mod- 
erately fine textured loess and local alluvium. The na- 
tive vegetation was tall grasses and some sedges. 

In a representative profile the surface layer is black 
silty clay loam about 25 inches thick. The subsoil is 
silty clay loam about 23 inches thick and has distinct 
yellowish brown mottles. The upper part of the subsoil 
is very dark gray, and the lower part is gray and olive 
gray. The underlying material is gray silty clay loam 
that has distinct yellowish brown mottles. 

Permeability is moderately slow, and available wa- 
ter capacity is high. The rooting zone is deep, but in 
wet seasons it is restricted by a high water table. 
Organic matter content is high. 

Afton soils are generally used for cultivated crops. 
Undrained areas are generally used for pasture. 

Representative profile of Afton silty clay loam, 0 to 
2 percent slopes, in a cultivated area, 1,100 feet south 
and 100 feet east of the northwest corner of sec. 1, T. 
89 N., R. 38 W.: : 

Ap—0 to 8 inches; black (N 2/0) heavy silty clay 
loam; cloddy; friable; neutral; abrupt 
smooth boundary. 

A12—8 to 19 inches; black (N 2/0) medium silty 
clay loam; weak medium angular blocky 
structure parting to moderate fine granu- 
lar and moderate very fine subangular 
blocky; firm; thin discontinuous shiny 
coats on ped surfaces; neutral; gradual 
smooth boundary. 

A3—19 to 25 inches; black (N 2/0) heavy silty 
clay loam; moderate fine granular and 
very fine and fine subangular blocky 
structure; firm; thin discontinuous shiny 
coats on ped surfaces; neutral; clear 
smooth boundary. 

B21g—25 to 32 inches; very dark gray (5Y 3/1) 
heavy silty clay loam; few fine distinct 
yellowish brown (10YR 5/6) mottles; 
moderate fine granular and fine and very 
fine subangular blocky structure; firm; 
thin discontinuous shiny coats on ped 
surfaces; neutral; clear smooth bound- 


ary. 

B22g—382 to 39 inches; gray (5Y 5/1) and olive 
gray (BY 5/2) medium silty clay loam 
with dark gray (5Y 4/1) coats on ped 
surfaces; common fine distinct yellowish 
brown (10YR 5/6) mottles; moderate 
fine and fine subangular blocky struc- 
ture; friable; mildly alkaline; gradual 
smooth boundary. 


B31lg—39 to 48 inches; olive gray (5Y 5/2) light 
silty clay loam with some gray (5Y 5/1) 
and dark gray (5Y 4/1) coats on ped 
surfaces; many fine distinct yellowish 
brown (10YR 5/6) mottles; moderate 
very fine and fine subangular blocky 
structure; friable; mildly alkaline; 
gradual smooth boundary. ; . 

B32g—43 to 48 inches; gray (5Y 5/1) light silty 
clay loam; many fine distinct yellowish 
brown (10YR 5/6 and 5/8) mottles; 
weak fine subangular blocky structure; 
friable; few fine dark accumulations 
(oxides); mildly alkaline; gradual 
smooth boundary. 

Cg—48 to 60 inches; gray (5Y 5/1) light silty 
clay loam; many medium distinct 
yellowish brown (10YR 5/6 and 5/8) 
mottles; very weak coarse prismatic 
structure; friable; few fine dark ac- 
cumulations (oxides); strong efferves- 
cence; moderately alkaline. ; 

The A horizon is neutral or mildly alkaline and is 
20 to 30 inches thick. The. upper part of the B horizon 
is mildly alkaline or neutral, and the lower part is 
mildly alkaline or moderately alkaline. The B horizon 
is very dark gray (5Y 3/1) or dark gray (5Y 4/1) in 
the upper part and dark gray (5Y 4/1) to light olive 
gray (BY 6/2) in the lower part. It has distinct 
yellowish brown or strong brown mottles and is 20 to 
30 inches thick. The C horizon is gray (5Y 5/1) to 
light olive gray (5Y 6/2) light silty clay loam or 
heavy silt loam. 

Afton, Primghar, and Marcus soils formed in 
similar material. Afton soils have a thicker A horizon 
than Marcus and Primghar soils, and they are more 
poorly drained than Primghar soils. 

31—Afton silty clay loam, 0 to 2 percent slopes. This 
soil is in concave or plane areas in drainageways. Most 
areas are 5 to 20 acres in size and are Jong and narrow 
in shape. Most areas of this soil are cut by a waterway. 

Included with this soil in mapping are some 
calcareous soils similar to this Afton soil. Also included 
are a few areas of wet, seepy land and a few areas 
that have deep cuts. 

The main management concern is wetness, which 
limits use of farm equipment for long periods in some 
areas. Excess water from the adjoining areas of soils 
runs onto this soil. This soil is well suited to cultivated 
crops if it is adequately drained, but is better suited 
to pasture or wildlife habitat if it is undrained. Most 
areas are farmed with the better drained adjoining 
soils. Artificial drainage is essential to avoid long de- 
lays in field operations. Maintaining good tilth is 
difficult because of the wetness and the silty clay loam 
texture of the surface layer. Capability unit IIw-1. 


Alluvial land 


315—Alluvial land is bottom lands that are in low- 
lying areas next to streams. Most areas are 5 to 50 
acres in size and are long and narrow in shape. They 
are mostly stratified loam and sand with little or no 
soil horizon development. 

Most areas are subject to frequent flooding. Some 
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areas have old stream channels, many of which are 
ponded for long periods after floods. Many areas are 
somewhat droughty because of the limited available 
water capacity. These miscellaneous areas are gen- 
erally used for pasture or woodland. They are suited to 
pasture and hay if flooding is infrequent, and they are 
ui ee to wildlife habitat and woodland. Capability 
unit Vw—1. 


Biscay series 


The Biscay series consists of poorly drained, nearly 
level soils on uplands and stream benches. These soils 
formed in alluvial sediment over sand and gravel. The 
native vegetation was tall prairie grasses and sedges. 

In a representative profile the surface layer is black 
and very dark gray clay loam and loam about 17 
inches thick, The subsoil is about 21 inches thick. The 
upper part is dark olive gray loam, and the lower part 
is dark gray and olive gray sandy loam and sandy clay 
loam. The underlying material is olive gray loamy 
sand, sand, and gravel. 

Permeability is moderate in the upper part of the 
profile and rapid in the underlying material. Available 
water capacity is moderate. The rooting zone is 
restricted by a shallow depth to sand and gravel and 
in wet seasons by a high water table. Organic matter 
content is high. , 

Biscay soils are mainly used for cultivated crops. 
_ Representative profile of Biscay clay loam, 32 to 40 
inches to sand and gravel, 0 to 2 percent slopes, in a 
cultivated area, 55 feet south and 535 feet west of the 
a a corner of SE14NE\, sec. 7, T. 89 N., R. 

Ap—0 to 12 inches black (N 2/0) clay loam; 
cloddy; parting to friable; neutral; 
abrupt smooth boundary. 

A3—12 to 17 inches; very dark gray (5Y 3/1) 
loam; few fine and medium faint dark 
olive gray (5Y 3/2) mottles; weak fine 
subangular blocky structure; friable; few 
medium dark accumulations (oxides) ; 
neutral ; clear smooth boundary. 

Big—17 to 24 inches; dark olive gray (5Y 3/2) 
loam; weak medium prismatic structure 
parting to weak medium subangular 
blocky; friable; neutral; abrupt smooth 
boundary. ; 

B2g—24 to 28 inches; dark gray (5Y 4/1) 
sandy clay loam; weak medium pris- 
matic structure parting to weak medium 
subangular blocky; friable; neutral; 
abrupt smooth boundary. 

B38g—28 to 388 inches; olive gray (5Y 4/2) 
sandy loam; very weak medium pris- 
matic structure parting to very. weak 
medium subangular blocky; very friable; 
mildly alkaline; gradual smooth 
boundary. 

IIClg—38 to 47 inches; olive gray (5Y 4/2) 
loamy sand; some fine gravel; few fine 
distinct olive mottles; single grained; 
loose; mildly alkaline; gradual wavy 
boundary. 

IIC2g—47 to 84 inches; olive gray (BY 5/2) 


sand; some gravel; single grained; loose; 
weak effervescence; mildly alkaline. 

The A horizon is slightly acid to mildly alkaline and 
is 14 to 24 inches thick. It is loam or light clay loam. 
In some places to lower part is black (N 2/0). The B 
horizon is loam, sandy clay loam, or light clay loam 
and is 10 to 24 inches thick. The B2 and B3 horizons 
are gray (5Y 5/1), dark gray (5Y 4/1), or olive gray 
(BY 4/2 or 5/2). The IIC horizon is loamy sand, sand, 
or gravel. It is commonly calcareous and moderately 
alkaline throughout, but in places the upper part is 
leached of carbonates and is mildly alkaline. The Tic 
horizon is gray (5Y 5/1), olive gray (5Y 5/2), light 
gray (BY 6/1), or olive gray (5Y 5/3). Colors are 
stratified and mixed. 

In places the lower part of the B horizon is sandy 
loam and is thicker than the defined range of the 
Biscay series, but these differences do not significantly 
alter the use and behavior of the soils. — 

Biscay and Talcot soils formed in similar parent 
material. Biscay soils are noncalcareous in the solum, 
and Talcot soils are calcareous. Biscay soils and 
Webster soils are poorly drained, but Biscay soils are 
coarser textured and are underlain by sand and gravel. 

259—RBiseay clay loam, 32 to 40 inches to sand and 
gravel, 0 to 2. percent slopes. This soil is generally at 
lower elevations than adjoining soils. Most areas are 
2 to 10 acres in size and are irregular in shape. 

Included with this soil in mapping are similar soils 
that have sand and gravel at a depth of 24 to 32 
inches.. Also included are areas in the upper Boyer 
River valley that have more silt in the upper part 
of the profile than this Biscay soil. 

The main management concern is wetness. Excess 
water from adjoining areas runs onto this soil. The 
limited available water capacity of the underlying 
sand and gravel makes this soil droughty during dry 
seasons. This soil is well suited to cultivated crops if 
the soil is adequately drained. Root growth is restricted 
by the underlying sand and gravel and by a high water 
table during wet seasons. The sand and gravel also 
limit the use of tile drains. Capability unit IIw-1. 


Blue Earth series 


The Blue Earth series consists of very poorly 
drained, nearly level, caleareous soils in depressions. 
These soils formed in moderately fine textured 
glacial lake sediment. The native vegetation was marsh- 
grasses, sedges, and other grasses tolerant to excess 
wetness. 

In a representative profile this soil is black silty 
clay loam to a depth of 60 inches. 

Permeability is moderate to slow, and available 
water capacity is high. The rooting zone is deep, but in 
wet seasons it is restricted by a high water table. 
Organic matter content is high. 

Blue Earth soils are generally used for cultivated 
crops and pasture. Undrained areas are better suited 
to pasture than to cultivated crops.. 

Representative profile of Blue Earth silty clay loam, 
0 to 1 percent slopes, in a cultivated area, 200 feet west 
and 500 feet north of the southeast corner of NW14, 
of sec. 18, T. 86 N., R. 387 W.: 

Leop—0 to 9 inches; black (N 2/0) silty clay 
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loam; weak fine granular and weak very 
fine subangular blocky structure; fri- 
able; strongly effervescent; moderately 
alkaline; abrupt smooth boundary. 

Leo2—9 to 14 inches; black (5Y 2/1) silty clay 
loam; few thin sandy lenses; few fine 
faint very dark gray (5Y 3/1) mottles; 
weak fine subangular blocky structure; 
friable; numerous snail shells; strongly 
effervescent; moderately alkaline; abrupt 
smooth boundary. 

Lceo8—4 to 22 inches; black (5Y 2/1) silty clay 
loam; few fine very dark gray (5Y 3/1) 
mottles; moderate weak fine prismatic 

-structure; friable; few snail shells; 
strongly effervescent; moderately alka- 
line; clear smooth boundary. 

Leo4d—22 to 28 inches; black (5Y 2/1) silty clay 


loam; weak fine subangular blocky 
structure; friable; layer of clam shells; 
many fine reddish accumulations 


(oxides); silt coats on peds; strongly 
effervescent; moderately alkaline; clear 
smooth boundary. ; 

Leo5—28 to 33 inches; black (SY 2/1) silty clay 
loam; few thin sandy lenses; friable; 
many fine reddish accumulations 
(oxides) in -root channels; strongly 
effervescent; moderately alkaline; clear 
smooth boundary. 

Leo6—33 to 40 inches; black (5Y 2/1) silty clay 
loam; weak fine angular and subangular 
blocky structure; friable; ash layer at a 
depth of 88 to 389 inches; strongly 
effervescent; moderately alkaline; clear 
smooth ‘boundary. 

Leo7—40 to 60 inches; black (5Y 2/1) silty clay 
loam; few thin sandy lenses; weak fine 


subangular blocky structure; friable; 
strongly effervescent; ‘moderately 
alkaline. 


Depth to the glacial till or glacial sediment ranges 
from about 30 inches to more than 80 inches. The 
underlying material is black (10YR 2/1) to olive gray 
(5Y 5/2) silty clay loam or clay loam. 

Blue Earth, Okoboji, and Palms soils formed on 
similar landscapes. Blue Earth soils have a higher 
organic matter content than Okoboji soils and a lower 
organic matter content than Palms soils. Blue Earth 
soils are calcareous throughout, and Okoboji soils are 
noncalcareous. ; 

511—Blue Earth silty clay loam, 0 to 1 percent 
slopes. This soil is in depressions that are surrounded 
by better drained soils. Most areas are 2 to 20 acres in 
size, but Goose Lake, which is southwest of Wall 
Lake, Iowa, is about 960 acres in size. Most areas are 
irregular in shape. 

The main management concern is wetness. Crops are 


generally more susceptible to frost on this soil than on- 


the surrounding soils, which are a few feet higher in 
‘elevation. This soil is suited to cultivated crops if 
drainage is adequate and if flooding and ponding are 
controlled. Undrained areas are better suited to pasture 
or to wildlife habitat than to most other uses. Capabil- 
ity unit IIIw-1. 


Bolan series 


The Bolan series consists of well drained, gently 
sloping to strongly sloping soils on uplands. These soils 
formed in’ mixed, moderately fine textured loess and 
loamy sand or sand over loamy sand and sand of 
eolian origin. The native vegetation was prairie 
grasses. 

In a representative profile the surface layer is 11 
inches thick. The upper part is very dark brown 
loam, and the lower part is very dark grayish brown 
and dark brown loam. The subsoil is about 21 inches 
thick. The upper part is dark brown loam, the middle 
part is dark yellowish brown loam, and the lower 
part is dark yellowish brown loamy -fine sand. The 
underlying material is yellowish brown fine sand. 

Permeability is moderate in the surface layer and 
subsoil, and it is rapid in the coarse textured under- 
lying material. Available water capacity is moderate. 
The rooting zone is restricted by depth to sand. 
Organic matter content is moderate to low, depending 
on the thickness of the surface layer. 

Bolan soils are used for cultivated crops and pasture. 

Representative profile of Bolan loam, 5 to 9 percent 
slopes, moderately eroded, in a pasture, 580 feet north 
and 300 féet east of the southwest corner of the NW14, 
of sec. 6, T. 86 N., R. 38 W.: 

Ap—O to 7 inches; very dark brown (10YR 2/2) 

loam; cloddy; friable; slightly acid; 

abrupt smooth boundary. 

A8—7 to 11 inches; very dark grayish brown 
(10YR 3/2) and dark brown (10YR 
4/3) loam; weak very fine subangular 
blocky structure; friable; slightly acid; 
clear smooth boundary. 

Bi—11 to 14 inches; dark brown (10YR 4/3) 
loam: many very dark grayish brown 
(10YR 3/2) ped coatings; weak fine 
subangular blocky structure; friable; 
slightly acid; gradual smooth boundary. 

B21—-14 to 19 inches; dark yellowish brown 
(10YR 4/4) heavy loam, few dark brown 
(L0YR 3/8) ped coatings; weak fine 
subangular blocky structure; friable; 
slightly acid; gradual smooth boundary. 

B22—19 to 24 inches; dark yellowish brown 
(10YR 4/4) ped coatings; weak fine sub- 
angular blocky structure; friable; 
slightly acid; gradual smooth boundary. 

IIB8—-24 to 32 inches; dark yellowish brown 
(10YR 4/4) loamy fine sand; weak 
medium subangular blocky structure; 
very friable; slightly acid; clear smooth 
boundary. 

IIC—32 to 60 inches; yellowish brown (10YR 
5/4) fine sand; single grained; loose; 
_neutral. 

The solum is slightly acid or neutral and is 10 to 
16 inches thick unless eroded. The A_ horizon is 
black (10Y 2/1) or very dark brown (10YR 2/2) 
in the upper part and very dark gray (10YR 3/1), 
very dark brown (10YR 2/2), or very dark grayish 
brown (10YR 3/2) in the lower part. Some brown 
(10YR 4/3) material is mixed in places. The A 
horizon is loam or silt loam high in content of sand. 
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The upper part of the B horizon is dark brown (10YR 
3/3) to dark yellowish brown (10YR 4/4) loam or 
silt loam that is high in content of sand, and it is 
brown (10YR 4/3) to dark yellowish brown (10YR 
4/4) fine sandy loam to loamy fine sand in the lower 
part. It is 20 to 32 inches thick. The underlying 
material is dark yellowish brown (10YR 4/4) or 
he eat brown (10YR 5/4) loamy fine sand or fine 
sand. 

Bolan and Wadena soils formed in layers of con- 

trasting soil material. Bolan soils formed in wind- 
deposited loess mixed with fine sand over fine sand 
that contains little or no gravel or coarse sand, but 
Wadena soils formed in medium textured outwash and 
glacial sediment that has numerous pebbles over me- 
dium to coarse sand and gravel. 
_ 174B—Bolan loam, 2 to 5 percent slopes. This soil 
is on convex ridgetops. Most areas are 2 to 20 acres 
in size and are irregular in shape. This soil has a 
profile similar to the one described as representative 
of the series, but the surface layer is very dark brown 
to a depth of 10 or 12 inches. 

Included with this soil in mapping are some areas 
of soils that’ have a thinner surface layer than this 
Bolan soil. Also included are areas of soils that are 
stratified with fine sandy loam in the upper part of 
the subsoil and with silty layers in the lower part. In 
places, the layer between depths of 40 and 60 inches is 
light Silty clay loam or silt loam, 

This soil has moderate erosion and drought 
hazards. It is well suited to cultivated crops if erosion 
is controlled. Conservation practices that reduce run- 
off increase the amount of water that is stored in the 
soil and is available to plants. Practices that leave crop 
residue on the surface also help to conserve moisture. 
Capability unit IIe—2. 

174C€2—Bolan loam, 5 to 9 percent slopes, mod- 
erately eroded. This soil is on convex hillsides. Most 
areas are 2 to 20 acres in size and are irregular in 
shape. This soil has a profile similar to the one 
described as representative of the series, but in most 
cultivated areas erosion has removed part of the 
original surface layer so that the plow layer is very 
dark grayish brown and is partly mixed with the 
brown subsoil. 

Included with this soil in mapping are areas of 
soils that are stratified with fine sandy loam material 
in the upper part of the subsoil and other areas of soils 


that have silty lenses in the lower part of the subsoil. 


In places the layer between depths of 40 and 60 inches 
is light silty clay loam or silt loam. 

This soil has severe erosion and drought hazards. 
It is suited to cultivated crops if erosion is con- 
trolled. The hazard of drought is increased if runoff 
is not controlled. Terraces, contour tillage, and other 
conservation practices that reduce runoff increase the 
amount of water that is stored in the soil and is 
available to plants. Practices that leave crop residue 
on the surface also help to conserve moisture. 
Capability unit IIIe-3. 

174D2—Bolan loam, 9 to 14 percent slopes, mod- 
erately eroded. This soil is on convex hillsides. Most 
areas are 2 to 5 acres in size and are irregular in 
shape. This soil has a profile similar to that described 
as representative of the series, but in cultivated areas 


the plow layer is very dark grayish brown and is 
partly mixed with material from the brown subsoil. 

Included with this soil in mapping are areas of 
soils that are stratified with fine sandy loam in the 
upper part of the subsoil and other areas that are 
stratified with silty lenses in the lower part of the 
subsoil. In places the layer between depths of 40 and 
60 inches is light silty clay loam or silt loam. 

This soil has severe erosion and drought hazards. 
It is suited to hay or pasture. These areas can some- 
times be planted to cultivated crops if erosion is con- 
trolled. The hazard of drought is severe because of the 
limited available water capacity, especially if runoff 
is not controlled. Practices that conserve moisture, 
such as contour tillage and tillage that leaves crop 
residue on the surface, are needed. Capability unit 
IVe-2. 


Caleo series 


The Calco series consists of poorly drained, nearly 
level soils on bottom lands. These soils formed in 
moderately fine textured alluvium. The native vegeta- 


“tion was grasses, sedges, and some trees. 


In a representative profile the surface layer is 
black silty clay loam about 86 inches thick, The sub- 
soil and underlying material are black silty clay loam 
that has distinct mottles. 

Permeability is moderately low, and available water 
capacity is high. The rooting zone is deep, but in wet 
seasons it is restricted by a high water table. Organic 
matter content is high. 

Calco soils are generally used for cultivated crops, 
but most undrained areas are used for pasture. 

Representative profile of Calco silty clay loam, 0 to 
2 percent slopes, in a cultivated area, 125 feet east 
and 200 feet south of the northwest corner of 
SWI48SWY,, of sec. 7, T. 88 N., R. 35 W.: ; 

A11—0 to 17 inches; black (N 2/0) light silty 
clay loam; weak very fine subangular 
blocky structure; friable; strongly effer- 
vescent; moderately alkaline; clear 
smooth boundary. 

A12—17 to 24 inches; black (N 2/0) medium 
silty clay loam; weak fine subangular 
blocky structure; firm; strongly efferves- 
cent; moderately alkaline; gradual 
boundary. 

A13—24 to 36 inches; black (N 2/0) heavy silty 
clay loam; weak fine prismatic structure 
parting to weak fine subangular blocky; 
firm;. mildly alkaline; clear smooth 
boundary. 

Bg—36 to 49 inches; black (5Y 2/1) medium 
silty clay loam; very dark gray (10YR 
8/1) kneaded; common fine distinct dark 
yellowish brown (10YR 4/4) mottles; 
weak fine prismatic structure; friable; 
mildly alkaline; abrupt smooth bound- 


ary. 
Clg—49 to 59 inches; black (5Y 2/1) light silty 
clay loam; very dark gray (10YR 3/1) 
kneaded; many fine distinct dark: yellow- 
ish brown (10YR 4/4) mottles; massive; 
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friable; strongly effervescent; moderately 
alkaline; abrupt smooth boundary. 

C2g—59 to 63 inches; black (5Y 2/1) light silty 
clay loam; massive; friable; yellowish 
red (5YR 4/8) coats on root channels; 
light gray (5Y 6/1) streaks; strongly 
effervescent; moderately alkaline; abrupt 
smooth boundary. 

The A horizon is 24 to 86 inches thick. The B 
horizon, if present, is black (N 2/0) to very dark 
gray (5Y 8/1) and is less than 15 inches thick. The 
C horizon is mainly black (N 2/0 or 5Y 2/1) and very 
dark gray (5Y 3/1) to gray (5Y 6/1) silty clay loam, 
but in places it is stratified with clay loam, silt loam, 
or loam. ; 

Calco, Colo, and Coland soils are poorly drained and 
formed in alluvial material. Calco soils are calcareous, 
and Colo and Coland soils are noncalcareous. Calco 
soils have less sand in the solum than Coland soils. 

733—Calco silty clay loam, 0 to 2 percent slopes. 
This soil is in areas next to streams or waterways. 
Most areas are 5 to 20 acres in size and are long and 
narrow in shape. 

Included with this’ soil in mapping are areas of 
soils that are more sandy than this Calco soil. Also 
included are areas of noncalcareous Colo soils. 

The main management concern is wetness. Another 
management: concern is the reduced availability of 
some plant nutrients caused by the high content of 
lime. This soil is well suited to cultivated crops if it is 
adequately drained and if flooding is controlled: Most 
areas can be farmed separately or with other nearly 
level soils. Maintaining good tilth is a moderate con- 
cern. Inadequately drained areas are generally better 
page tie ar than to cultivated crops. Capability 
unit IIw-2. 


Canisteo series 


The Canisteo series consists of poorly drained, 
nearly level soils on uplands. Canisteo soils formed in 
medium textured and moderately fine textured glacial 
sediment. The native vegetation was tall grasses and 
sedges. 

In a representative profile the surface layer is 
silty clay loam about 16 inches thick. The upper part 
is black, and the lower part is very dark gray. The 
subsoil is gray, olive gray, and light olive gray light 
clay loam and loam about 30 inches thick. The under- 
lying material is olive gray loam and light clay loam 
that has brownish mottles. 

Permeability is moderate, and available water 
capacity is high. This soil is mildly alkaline and is 
calcareous throughout. The rooting zone is deep, but in 
wet seasons it is restricted by a high water table. 
Organic matter content is high. 

Canisteo soils are used mostly for cultivated crops. 

Representative profile of Canisteo silty clay loam, 0 
to 2 percent slopes, in a cultivated area, 480 feet west 
and 170 feet south of the northeast corner of the 
SEINE), sec. 36, T. 87 N., R. 86 W.: 

Ap—0 to 8 inches; black (N 2/0) light silty clay 
loam; cloddy; friable; strongly efferves- 


cent; moderately alkaline; abrupt smooth 
boundary. . 

A12—8 to 11 inches; black (N 2/0) light silty 
clay loam; weak fine granular and weak 
very fine subangular blocky structure; 
friable; strongly effervescent; moder- 
ately alkaline; gradual smooth boundary. 

A8—11 to 16 inches; very dark gray (1l0YR 
3/1) medium silty clay loam; common 
very fine olive gray (5Y 4/2) mottles; 
weak fine granular and weak very fine 
subangular blocky structure; friable; 
strongly effervescent; moderately alka- 
line; gradual smooth boundary. 

Blg—i16 to 23 inches; gray (5Y 5/1) and very 
dark gray (5Y 3/1) light clay loam; 
weak fine granular and weak very fine 
subangular blocky structure; friable; 
yellowish brown (10YR 5/6) accumula- 
tions (oxides); strongly effervescent; 
moderately alkaline; clear smooth 
boundary. 

B2g—23 to 31 inches; gray (5Y 5/1) and olive 
gray (BY 5/2) light clay loam; weak 
very fine subangular blocky structure; 
friable; few fine distinct yellowish 
brown accumulations (oxides); dark 
gray fills in wormholes and root chan- 
nels; strongly effervescent; moderately 
alkaline; gradual smooth boundary. 

B3g—31 to 46 inches; light olive gray (5Y 6/2) 
loam; weak fine subangular blocky 
structure; friable; common fine distinct 
yellowish brown accumulations (oxides) ; 
strongly effervescent; moderately alka- 
line; gradual smooth boundary. 

C1—46 to 64 inches; olive gray (5Y 5/2) loam; 
common medium yellowish brown (10YR 
5/8) mottles; massive; friable; few 
reddish concretions; strongly efferves- 
cent; moderately alkaline; gradual 
smooth boundary. 

C2—64 to 70 inches; olive gray (5Y 5/2) light 
clay loam; strong brown (7.5YR 5/6) 
mottles; massive; friable; few reddish 
concretions; strongly effervescent ; mod- 
erately alkaline. 

The A horizon is loam, silty clay loam, or clay loam 
14 to 24 inches thick. The B horizon is very dark gray 
(BY 3/1) or dark gray (5Y 4/1) in the upper part 
and in a few places is gray (5Y 3/1) or light gray 
(5Y 6/1). It is dark gray (5Y 4/1) to pale olive (5Y 
6/3) in the lower part. It is loam or clay loam 10 to 
80 inches thick. The C horizon is loam or clay loam. 
It is gray (5Y 5/1), olive gray (5Y 5/2), and light 
olive gray (5Y 6/2) and has yellowish brown (10YR 
5/8) mottles. 

Canisteo, Webster and Harps soils formed in 
similar parent materials. Canisteo soils are moder- 
ately calcareous throughout, Webster soils are non- 
calcareous in the solum, and Harps soils are highly 
calcareous. ; 

507—Canisteo silty clay loam, 0 to 2 percent slopes. 
Areas of this soil range from 2 acres to more than 100 
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acres in size, They are at lower elevations than most 
of the better drained adjoining soils. 

. Included with this soil in mapping are small areas 
in depressions which tend to pond. 

The main management concern is wetness. Another 
management concern is the reduced availability of 
some plant nutrients caused by the high content of 
lime. This soil is well suited to cultivated crops if it is 
adequately drained. If the soil is inadequately drained, 
root growth is restricted during wet seasons and it is 
difficult to maintain good tilth. Tile .is generally used 
to reduce wetness. Capability unit IIw_1. 


Clarion series 


The Clarion series consists of well drained, gently 
sloping to strongly sloping soils on uplands. Clarion 
soils formed in glacial till. The native vegetation was 
tall prairie grasses. 

In a representative profile the surface layer is about 
16 inches thick. The upper part is black loam, and the 
lower part is dark brown loam. The subsoil is brown 
and dark yellowish brown loam about 16 inches thick. 
The underlying material is light olive brown loam. 

Permeability is moderate, and available water ca- 
pacity is high. ‘The rooting zone is deep. Organic 
matter content is generally moderate, depending on 
the extent of erosion. : 

Clarion soils are generally used for cultivated 
crops, but a few areas.of the more sloping Clarion soils 
are in pasture. 

Representative profile of Clarion loam, 2 to 5 per- 
cent slopes, in a cultivated field, 300 feet west and 300 
Sa Hee of the southeast corner of sec. 12, T. 86 N., 

Ap—0 to 7 inches; black (10YR 2/1) heavy loam; 
weak fine granular structure; friable; 
slightly acid; abrupt smooth boundary. 

A12—7 to 10 inches; black (10YR 2/1) heavy 
loam; weak very fine and fine subangular 
blocky structure; friable, neutral; clear 
smooth boundary. 

A83—10 to 16 inches; dark brown (10YR 3/3) 
heavy loam; thick very dark 
gray (10YR 3/1) coats on peds: weak 
very fine and fine subangular blocky 
structure; friable; neutral; clear smooth 
boundary. 

B21—16 to 24 inches; brown (10YR 4/3) heavy 
loam; thin very dark grayish brown 
(10YR 3/2) coats on peds; weak very 
fine and fine subangular blocky struc- 
ture; friable; neutral; cledr smooth 
boundary. 

B22—24 to 32 inches; dark yellowish brown 
(10YR 4/4) heavy loam; weak fine 
subangular blocky structure; friable; 
neutral; abrupt smooth boundary. 

C—32 to 60 inches; light olive brown (2.5Y 
5/6) loam; few fine distinct light olive 
gray (5Y 6/2) mottles; massive; friable; 
few reddish accumulations (oxides) ; 
few soft lime accumulations: strongly 
effervescent; moderately alkaline; clear 
smooth boundary. 


The solum is slightly acid or neutral. The A1 horizon 
is black (10YR 2/1) or very dark brown (10YR 2/2) 
loam or light clay loam 6 to 12 inches thick. If 
cultivated, the Ap horizon is black (10YR 2/1) to very 
dark grayish brown (10YR 8/2) loam or light clay 
loam. The A8 horizon, if present, is generally very 
dark grayish brown (10YR 8/2) or dark brown 
(10YR 3/8) with darker coats on the peds. It is loam 
or light clay loam and is 4 to 8 inches thick. The B 
horizon is dark brown (10YR 3/3), brown (10YR 
4/3), or dark yellowish brown (10YR 4/4) loam or 
light clay loam 10 to 30 inches thick. The C horizon is 
generally dark yellowish brown (10YR 4/4), yellow- 
ish brown (10YR 5/4), or light olive brown (2.5Y 
5/4) loam or light clay loam. 

Because of erosion, mapping units 188C2 and 138D2 
have a thinner dark colored surface layer than is de- 
fined in the range of the Clarion series. 

The Clarion, Nicollet, and Lester soils formed in 
similar parent material. Clarion soils are better 
drained than Nicollet soils. They formed under prairie 
grasses, and they have a less clayey B horizon than the 
Lester soils that formed under trees and grasses. 

138B—Clarion loam, 2 to 5 percent slopes. This soil 
is on convex knolls and on convex ridgetops that ad- 
join moderately sloping or strongly sloping soils on 
hillsides. Most areas are 2 to 10 acres in size and are 
surrounded by less well drained soils. This soil has 
the profile described as representative of the series. 
The surface layer has about 4 percent organic matter. 

Included with this soil in mapping are spots of 
sandy or gravelly soils and 14- to 2-acre areas of 
Storden soils. These areas are shown on the map with 
special symbols. 

This soil has a moderate erosion hazard. Soil blow- 
ing is a hazard if the soil is left bare during winter. 
This soil is well suited to cultivated crops if erosion is 
controlled. Slopes typically are short and irregular, 
especially where the soil is on knolls; these areas are 
generally farmed with the surrounding soils, which 
are mostly nearly level. Conservation practices that 
require contour tillage are difficult to establish. Good 
use of crop residue and manure is helpful in these 


‘areas. Terraces, contour tillage, and other conservation 


practices are generally suitable where the soil is on 
ridgetops upslope from more sloping soils. Capability 
unit ITe—1. 

138C—Clarion loam, 5 to 9 percent slopes. This soil 
is on convex side slopes. Most areas are 5 to 10 acres 
in size. They generally adjoin areas of gently sloping 
soils that are upslope or strongly sloping soils that are 
downslope. Some areas are on knolls surrounded by less 
well drained soils. This soil has a profile similar to the 
one described as representative of the series, but the 
surface layer is typically very dark brown. The surface 
layer has 8 to 4 percent organic matter. 

Included with this soil in mapping are spots of 
gravelly or sandy soils and 14- to 2-aere areas of 
Storden soils. These areas are shown on the map with 
special symbols. Also included are areas of moderately 
eroded Clarion soils. 7 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. Conservation 
practices that require contour tillage are difficult to 
establish in some places because of short, irregular 
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slopes. Good use of crop residue and manure is helpful 
in these areas. Many areas are in pasture where it is 
not possible to establish adequate conservation prac- 
tices. Maintaining good tilth is generally not a concern. 
Capability unit I[Te—-1. 

138C2—Clarion loam, 5 to 9 percent slopes, moder- 
ately eroded. This soil is on convex side slopes. Most 
areas are 5 to 10 acres in size. They generally adjoin 
areas of gently sloping soils that are upslope or 
strongly sloping soils that are downslope. Some areas 
are on knolls surrounded by less well drained soils. This 
soil has a profile similar to the one described as repre- 
sentative of the series, but the surface layer is typically 
a very dark grayish brown plow layer that is partly 
mixed with material from the dark brown subsoil and 
has 2 to 3 percent organic matter. Also, the depth to 
the calcareous substratum is less than in the repre- 
sentative profile. 

Included with this soil in mapping are spots of sandy 
or gravelly soils, 14- to 2-acre areas of Storden soils, 
and spots of severely eroded soils. These areas are 
shown on the map with special symbols. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. Maintaining 
good tilth and establishing a good seedbed are more of 
a concern than on less eroded Clarion soils. Conserva- 
tion practices that require contour tillage are difficult 
to establish in some places because of short, irregular 
slopes. Good use of crop residue and manure is helpful 
in these areas, Capability unit IIIe-1. 

138D2—Clarion loam, 9 to 14 percent slopes, mod- 
erately eroded. This soil is on convex side slopes. Most 
areas are 2 to 5 acres in size. Typically they are down- 
slope from areas of less sloping soils or upslope from 
more sloping soils. This soil has a profile similar to the 
one described as representative of the series, but com- 
bined thickness of the surface layer and subsoil is less, 
in cultivated areas the plow layer is very dark grayish 
brown and is mixed with material from the brown 
subsoil, and the plow layer has about 2 percent organic 
matter. 

Included with this soil in mapping are spots of 
sandy or gravelly soils and 14- to 2-acre areas of 
Storden soils. These areas are shown on the map with 
special symbols. Some areas of uneroded soils are also 
included. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. However, 
many areas are used for pasture because of the erosion 
hazard and because conservation practices are difficult 
to establish on the short, irregular slopes. Capability 
unit IITe—2. 


Coland series 


The Coland series consists of poorly drained, nearly 
level and gently sloping soils on bottom lands. Coland 
soils formed in alluvium. The native vegetation was 
grass. 

In a representative profile the upper part of the 
surface layer is black clay loam about 21 inches thick, 
and the lower part is very dark gray clay loam about 
21 inches thick. The underlying material is olive gray 
and olive sandy clay loam. 

Permeability is moderately slow, and available 


water capacity is high. The rooting zone is deep where 
root growth is not restricted by a high water table. 
Organic matter content is high. 

Coland soils are generally used for cultivated crops 
or pasture. Willows and other water-tolerant trees 
grow in a few places. 

Representative profile of Coland clay loam, 0 to 2 
percent slopes, in a cultivated field, 600 feet north and 
400 feet west of the southeast corner of sec. 33, T. 87 
N., R. 35 W.: 

Ap—0 to 7 inches; black (5Y.2/1) light clay loam ; 
cloddy: friable; neutral; abrupt smooth 
boundary. 

A12—7 to 21 inches; black (SY 2/1) medium clay 
loam; few medium distinct gray (5Y 
5/1) mottles; weak fine granular and 
fine subangular blocky structure; fri- 
able; neutral; abrupt smooth boundary. 

A13—21 to 86 inches; very dark gray (5Y 3/1) . 
medium clay loam; common distinct 
dark gray (5Y 4/1) mottles; weak very 
fine and fine subangular blocky struc- 
ture; friable; neutral; gradual smooth 
boundary. ; 

AC—36 to 42 inches; very dark gray (5Y 3/1) 
light clay loam; common fine distinct 
olive gray (5Y 4/2) mottles; weak fine 
prismatic structure parting to weak fine 
subangular blocky; friable; neutral; 
clear smooth boundary. 

C142 to 53 inches; olive gray (5Y 4/2) sandy 
clay loam; massive; friable; neutral; 
clear smooth boundary. 

C2—53 to 60 inches; olive gray (5Y 5/2) and 
olive (5Y 5/8) sandy clay loam; mas- 
sive; very friable; neutral. 

The solum is neutral or mildly alkaline and is 36 
to 48 inches thick. The A horizon is black (N 2/0, 
10YR 2/1, or 5Y 2/1) in the upper part and black 
(N 2/0, 10YR 2/1, or BY 2/1) or very dark gray (5Y 
3/1) in the lower part. It is clay loam or silty clay 
loam in the upper part. In places, the A and C horizons 
are mixed, or there is a thin B horizon. The C horizon 
is very dark gray (5Y 3/1), dark gray (5Y 4/1), gray 
(BY 5/1), olive gray (5Y 5/2), or olive (5Y 5/3, 5/4). 
It is generally stratified clay loam, sandy clay loam, or 
sandy loam. It is neutral to moderately alkaline. 

Coland, Colo, and Spillville soils formed in alluvial 
material. Coland soils have more sand than Colo soils 
and more clay than Spillville soils. 

135—Coland clay loam, 0 to 2 percent slopes. This 
soil is on bottom lands. Most areas are 2 to 20 acres in 
size and are long and narrow in shape. This soil has 
the profile described as representative of the series. 

The main management concern is wetness. This soil 
is well suited to cultivated crops if it is adequately 
drained and if flooding is controlled. Undrained areas 
and unprotected areas are better suited to pasture. 
Many individual areas are in narrow valleys and are 
cut by a meandering stream. Parts of these areas are 
inaccessible to farm equipment so it is impractical to 
plant them to cultivated crops. Capability unit Ilw-2. 

135B—Coland clay loam, 2 to 4 percent slopes. This 
soil is along waterways and on alluvial fans. Typically, 
this soil adjoins gently sloping to strongly sloping soils 
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on hillsides. Most areas are 2 to 10 acres in size and 
are long and narrow in shape. In places, lighter colored 
overwash as much as 15 inches thick overlies the black 
surface layer. 

The main management concern is wetness. Erosion 
is also a hazard. Water from the adjoining soils runs 
across areas of this soil and causes rilling. This soil is 
well suited to cultivated crops if it is adequately 
drained, Undrained areas are better suited to pasture. 
Many areas are in narrow valleys and are cut by a 
stream that is not crossable with farm equipment; 
thus, some of these areas are left in pasture. Capability 
unit IIw-1. 

201B—Coland-Spillville complex, 2 to 5 percent 
slopes. This complex is in long, narrow drainageways. 
Most areas are 2 to 10 acres in size. This complex is 
about 60 percent Coland soils and 40 percent Spillville 
soils. Coland soils are in the middle of drainageways, 
ae Spillville soils are on foot slopes next to the upland 
soils. 

Included with this complex in mapping are some 
areas of Terril soils where this complex borders steep 
Storden soils. 

The main management concerns are wetness and 
erosion caused mainly by runoff from upslope. These 
soils are well suited to cultivated crops if the soils are 
adequately drained, if vegetated waterways are main- 
tained, and if flooding is controlled. Undrained areas 
are suited to pasture. A few areas are inaccessible to 
farm equipment because the stream meanders and is 
not crossable, These areas are in pasture. Capability 
unit IIw-1. 

C201B—Coland-Spillville complex, channeled, 2 to 
5 percent slopes. This complex is In long, narrow drain- 
ageways. Most areas are 2 to 20 acres in size. This 
complex is about 65 percent Coland soils and 35 per- 
cent Spillville soils. The Coland soils are in the middle 
of drainageways, and the Spillville soils are on the 
foot slopes next'to the upland soils. 

Included with this complex in mapping are some 
areas of Terril soils. 

The main management concerns are wetness, 
sedimentation, and rilling caused by runoff from the 
adjoining upland soils. These soils are not commonly 
suited to cultivated crops, because the channel of the 
stream cuts the area into small sections. The soils are 
suited to pasture or hay if flooding is controlled. These 
soils are well suited to woodland and to wildlife 
habitat. Capability unit Vw-1. 


Collinwood series 


The Collinwood series consists of somewhat poorly 
drained, nearly level to gently sloping soils on uplands. 
Collinwood soils formed in glacial sediment. The native 
vegetation was tall prairie grasses. 

In a representative profile the surface layer is black 
silty clay loam about 23 inches thick. The subsoil is 
about 16 inches thick, The upper part is dark grayish 
brown silty clay, and the lower part is yellowish brown 
and olive gray silty clay loam. The underlying material 
is olive gray and yellowish brown silty clay loam that 
has distinct mottles. 

Permeability is moderately slow to slow, and avail- 


able water capacity is high. The rooting zone is deep. 
Organic matter content is high. ; 
Collinwood soils are generally used for cultivated 
crops, although a few areas are in pasture.” 
Representative profile of Collinwood silty clay loam, 
1 to 3 percent slopes, in a cultivated area, 500 feet east 
and 120 feet south of the northwest corner of sec. 
17, T. 89 N., 36 W.: ; 

Ap—0 to 9 inches; black (10YR 2/1) medium 
silty clay loam; weak fine granular and 
weak very fine subangular blocky struc- 
ture; friable; slightly acid; abrupt 
smooth boundary. ; 

A12—9 to 14 inches; black (10YR 2/1) medium 
silty clay loam; weak fine granular and 
weak very fine subangular blocky struc- 
ture; friable; slightly acid; gradual 
smooth boundary. 

A8—14 to 28 inches; black (10YR 2/1) heavy 
silty clay loam; common fine distinct 
very dark grayish brown (2.5Y 3/2) 
peds; weak fine granular and weak very 
fine subangular blocky structure; fria- 
ble; thin discontinuous shiny coatings 
on ped surfaces; few fine hard accumu- 
lations (oxides); neutral; clear smooth 
boundary. : 

B21--23 to 31 inches; dark grayish brown (2.5Y 
4/2) light silty clay; common fine dis- 
tinct olive brown (2/5Y 4/4) mottles; 
moderate very fine and fine subangular 
blocky structure; firm few fine dark ac- 
cumulations (oxides); few fine reddish 
accumulations (oxides); old root chan- 
nels filled with dark material from A3; 

; horizon neutral; clear smooth boundary. 

B22-—-31 to 39 inches; olive gray (5Y 5/2) and 

_ yellowish brown (10YR_ 5/6) _ heavy 
silty clay loam; weak fine prismatic 
structure parting to moderate very fine 
and fine subangular blocky; firm; few 
fine dark accumulations (oxides) ; 
common fine reddish accumulations 
(oxides) ; thin discontinuous shiny coat- 
ings on faces of peds and prisms; 
neutral; clear smooth boundary. ; 

C1—39 to 48 inches; olive gray (5Y 5/2) and 
yellowish brown (10YR 5/6) medium 
silty clay loam; weak fine prismatic 
structure parting to weak fine subangular 
blocky; friable; few fine dark and red- 
dish accumulations (oxides) weakly effer- 
vescent; mildly alkaline; abrupt smooth 
boundary. . 

C2—43 to 60 inches; olive gray (5Y 5/2) medium 
silty clay loam; common large distinct 
yellowish brown (10YR 5/6) mottles; 
massive but slightly stratified; friable;. 
many large lime concretions; many 
medium reddish accumulations ( oxides) : 
few fine dark accumulations (oxides) ; 
strong effervescence; moderately alka- 


line. : 
The solum is slightly acid or neutral except in the 
lower part. The Al horizon is medium or heavy silty 
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clay loam. The A3 horizon is black (10YR 2/1) or 
very dark gray (10YR 3/1) heavy silty clay loam or 
light silty clay. The A. horizon is 14 to 24 inches thick. 
The B1 horizon, if present, is very dark grayish brown 
(10YR 3/2 or 2.5Y 3/2) or dark grayish brown (10YR 
4/2). The B2 horizon is light silty clay or heavy silty 
clay loam. The B3 horizon is light silty clay to medium 
silty clay loam. The B horizon is 15 to 30 inches thick. 
The C horizon is dark grayish brown (2/5Y 5/2), 
grayish brown (2/5Y 5/2), or olive gray (5Y 4/2 or 
5/2) and has distinct mottles. It is heavy to medium 
silty clay loam. 

Collinwood soils in this county have less clay in the 
upper part of the A horizon and in the C horizon than 
in the defined range of the Collinwood series. Also, the 
5Y hue in the lower part of the B horizon is not in the 
defined range. These differences do not significantly 
alter the use and behavior of the soils. 

Collinwood and Waldorf soils formed in similar 
parent: material. Collinwood soils are better drained 
than Waldorf soils. They formed in finer textured 
material than Nicollet soils, which have somewhat 
similar colors. | 

384—Collinwood silty clay loam, 1 to 3 percent 
slopes. Most areas of this soil are 5 to 20 acres in size 
and are irregular in shape. Included with this soil in 
mapping are soils that are similar to this Collinwood 
soil but that have clay loam or loam glacial till in the 
underlying material. 

This soi! has no major limitations, but the surface 
layer has a relatively high clay content and maintain- 
ing good tilth is a concern of management. This soil 
is well suited to cultivated crops. Slopes are such that 
surface drainage is generally good, but they are not 
steep enough to cause a severe hazard of erosion. Tile 
has been installed in a few areas for earlier completion 
of field operations. Capability unit I-1. 


Colo series 


The Colo series consists of poorly drained, néarly 
level and gently sloping soils on bottom lands. Colo 


soils formed in alluvium. The native vegetation was — 


grass. 

_In a representative profile the surface layer is black 
silty clay loam about 47 inches thick. The underlying 
material is very dark gray light clay loam. 

Permeability is moderately slow, and available 
water capacity is high. The rooting zone is deep if not 
restricted by a high water table. Organic matter con- 
tent is high. : 

Colo soils are generally used for cultivated crops. 
Commonly flooded areas are used for pasture. Willows 
and other water-tolerant trees grow in a few places. 

Representative profile of Colo silty clay loam, 0 to 2 
percent slopes, in a pasture 280 feet north and 198 feet 
west of the southeast corner of SEIZNWI, sec. 33, T. 
88 N., R. 37 W.: 

A11—0 to 7 inches; black (10YR 2/1) medium 
silty clay loam; about 10 percent mixing 
of very dark grayish brown (10YR 3/2) 
from recent deposition; weak very fine 
and fine granular and weak very fine 
subangular blocky structure; friable; 
neutral; abrupt smooth boundary. 


A12—7 to 24 inches; black (10YR 2/1) medium 
silty clay loam; weak fine granular and 
weak very fine subangular blocky struc- 
ture; friable; neutral; gradual smooth 
boundary. 

A18—24 to 34 inches; black (N 2/0) medium silty 
clay loam; moderate very fine subangu- 
lar blocky structure; friable; neutral; 
gradual smooth boundary. ; 

AC—34 to 47 inches; black (10YR 2/1) medium 
silty clay loam; moderate very fine and 
fine subangular blocky structure; fri- 
able; neutral; gradual smooth boundary. 

C—47 to 62 inches; very dark gray (10YR 3/1) 
light clay loam; weak very fine prismatic 
structure parting to weak fine subangu- 
lar blocky; friable; very fine distinct 
olive brown accumulations (oxides) ; 
neutral. 

The solum is neutral or slightly acid. The A horizon 
is black (N 2/0, 10YR 2/1, or 5Y 2/1) in the upper 
part and black (N 2/0 or 10YR 2/1) or very dark gray 
(10YR 3/1) in the lower part. It is 86 to 54 inches 
thick. In places the A and C horizons are mixed or 
there is a thin B horizon. The C horizon is very dark 
gray (10YR 3/1 or 5Y 3/1) to gray (5Y 5/1) silty clay 
loam or clay loam and is stratified with loam and silt 
loam in places. 

Colo, Caleo, and Coland soils formed in alluvial ma- 
terial. Colo soils are noncaleareous, but Calco soils are 
calcareous throughout. Colo soils have less sand in the 
solum than Coland soils. 

133—Colo silty clay loam, 0 to 2 percent slopes. This 
soil is generally in elongated areas along streams. Most 
areas are 5 to 40 acres in size. This soil has the profile 
described as representative .of the series. In places, as 
much as 15 inches of very dark gray or very dark gray- 
ish brown silty clay loam overwash is on the surface 
or is mixed with the surface layer. The overwash is 
common in areas where the stream channel! has been 
straightened, and where material has been spread over 
the original layer. 

The main concern of management is wetness. This 
soil is well suited to cultivated crops if it is adequately 
drained and if flooding is controlled. Undrained areas 
are suited to pasture. Most areas are farmed with 
other nearly level soils on bottom lands or gently slop- 
ing soils on foot slopes. Capability unit IIw-2. 

11B—Colo-Ely silty clay loams, 2 to 5 percent slopes. 
These soils typically are in long narrow drainageways 
at the base of gently sloping or moderately sloping 
soils on uplands. The Colo soil makes up about 60 per- 
cent of the complex, and the Ely soil makes up about 
40 percent. The Colo soil is in the middle of the drain- 
ageways, and the Ely soil is on foot slones next to the 
soils on uplands. Most areas are 2 to 20 acres in size. 
The Colo and Ely soils have profiles similar to the ones 
described as representative of their respective series, 
but in places 6 to 15 inches of very dark grayish brown 
overwash is over the original black surface layer. 

The main management concerns are wetness and 
erosion caused by runoff from the adjoining soils on 
uplands. These soils are well suited to cultivated crops 
if the soils are adequately drained, if vegetated water- 
ways are maintained, and if flooding is controlled. Un- 
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drained areas are suited to pasture. In places the 
waterways prevent the use of farm equipment. Be- 
cause of this, it is impractical to plant cultivated crops 
in some of these areas, so they are in pasture. Capa- 
bility unit IIw-1. 


Cylinder series 


The Cylinder series consists of somewhat poorly 
drained, nearly level soils on stream benches and on 
uplands. Cylinder soils formed in glacial sediment or 
alluvium. The native vegetation was tall prairie 
grasses. 

Ina representative profile the surface layer is black 
loam about 14 inches thick. The upper part of the sub- 
soil is very dark grayish brown: and dark grayish 
brown loam and sandy clay loam about 20 inches thick. 
The lower part of the subsoil is dark yellowish brown 
loamy sand about 6 inches thick. The underlying 
material is dark yellowish brown sand and gravel. 

; Permeability is moderate in the upper part of the 

profile and rapid in the underlying sand and gravel. 

Available water capacity is moderate. The rooting zone 

is restricted by the underlying sand and gravel. Or- 

ganic matter content is high. 

Cylinder soils are generally used for cultivated 
crops, although a few areas are in pasture. 

_ Representative profile of Cylinder loam, 32 to 40 

inches to sand and gravel, 0 to 2 percent slopes, in a 

cultivated area, 35 feet east and 300 feet south of the 

ae corner of SW14NW1,, sec. 30, T. 89 N., R. 

Ap—O to 9 inches; black (10YR 2/1) heavy loam; 
weak fine granular and weak very fine 
subangular blocky structure; friable; 
slightly acid; abrupt smooth boundary. 

A12—9 to 14 inches; black (10YR 2/1) heavy 
loam; common fine very dark grayish 
brown (10YR 3/2) mottles; weak very 
fine and fine subangular blocky struc- 
ture; friable; neutral; gradual smooth 
boundary. 

Bi—14 to 18 inches; very dark grayish brown 
(10YR 3/2) and very dark gray (10YR 
3/1) heavy loam; (10YR 3/2) kneaded; 
fine and very fine subangular blocky 
structure; friable; few very fine dark 
and reddish accumulations (oxides); 
slightly acid; gradual smooth boundary. 

B21—18 to 24 inches; dark grayish brown (2/5Y 
4/2) and very dark grayish brown 
(1LOYR 3/2) heavy loam; weak fine sub- 
angular blocky structure; friable; 
slightly acid; clear smooth boundary. 

B22—24 to 28 inches; dark grayish brown (2.5Y 
4/2) heavy loam; weak fine subangular 
blocky structure; friable; slightly acid; 
clear smooth boundary. 

B31—28 to 34 inches; dark grayish brown (2/5Y 
4/2) to olive brown (2.5Y 4/4) sandy 
clay loam; few fine faint grayish brown 
(2.5Y 5/2) mottles; weak fine subangu- 
lar blocky structure; friable; few dark 
concretions; few fine reddish accumula- 


tions (oxides); neutral; clear smooth 
boundary. 

IIB82—-84 to 40 inches; dark yellowish brown 
(10YR 4/4) loamy sand; few fine dis- 
tinct grayish brown (10YR 5/2) mot- 
tles; weak medium subangular blocky 
structure; very friable; few medium 
reddish accumulations (oxides); few 
medium dark concretions; neutral; 
abrupt smooth boundary. - 

IIC1—40 to 58 inches; dark yellowish brown 
(10YR 3/4) sand and some gravel; sin- 
gle grained; loose; weakly effervescent; 
mildly alkaline; abrupt smooth bound- 


ary. 

IIC2—58 to 64 inches;.dark yellowish brown 
(LOYR 4/4) sand and gravel; single 
grained; loose; weakly effervescent; 
mildly alkaline. 

The solum is slightly acid or neutral. The A horizon 
is loam or light clay loam 10 to 24 inches thick. The 
medium textured part of the B horizon is typically 
dark grayish brown (2.5Y 4/2 or 10YR 4/2), but in 
places it is very dark grayish brown (10YR 3/2), dark 
brown (10YR 3/3), or brown (10YR 4/3) and has 
distinct grayish mottles. The B horizon is loam or light 
clay loam 14 to 32 inches thick. Most profiles have a 
sandy loam or sandy clay loam transition zone, less 
than 5 inches thick, between the medium textured part 
of the B horizon and the coarser textured material be- 
low. The IIB horizon is brown (10YR 4/3) or dark 
yellowish brown (10YR 4/4) and has distinct grayish 
brown (10YR 5/2 or 2.5Y 5/2) mottles or is dark gray- 
ish brown (10YR 4/2 or 2/5Y 4/2) and has dark 
yellowish brown (10YR 4/4) mottles or yellowish 
brown (10YR 5/4) mottles. It is loamy sand or sand 
with some gravel. The C horizon is generally stratified 
sand and gravel that is dark grayish brown (10YR 
4/2) to light olive brown (2.5Y 5/6). 

Cylinder and Biscay soils formed in similar parent 
material. Cylinder and Nicollet soils are somewhat 
poorly drained, and Biscay soils are poorly drained. 
Cylinder soils are underlain by sand and gravel at a 
depth of 24 to 40 inches. Nicollet sdils are medium 
textured to moderately fine textured throughout. 

203—Cylinder loam, 32 to 40 inches to sand and 

gravel, 0 to 2 percent slopes. This soil is at lower eleva-— 
tions than adjoining better drained soils and is slightly 
higher on the landscape than adjoining poorly drained 
soils. Most areas are 2 to 40 acres in size. This soil has 
the profile described as representative of the series. 
_ Included with this soil in mapping are areas of soils 
in Boyer River valley that are siltier and more strati- 
fied than Cylinder soils in other parts of the county. 
Also included are small areas of poorly drained soils. 

This soil has no major limitations. However, runoff 
from adjoining slopes causes a slight hazard of wet- 
ness, This soil is well suited to cultivated crops, but 
droughtiness is a hazard in unusually dry years. The 
sand and gravel substratum limits the available water 
capacity. Capability unit I-1.  .- 

202—Cylinder loam, 24 to 32 inches to sand and 
gravel, 0 to 2 percent slopes. This soil is at lower eleva- 
tions than adjoining better drained soils and is slightly 
higher on the landscape than adjoining poorly drained 
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soils. Most-areas are 2 to 20 acres in size. This soil has 
a profile similar to the one described as representative 
of the series, but the depth to sand and gravel is less. 

Included with this soil in mapping are areas of soils 
in the Boyer River valley that are siltier and more 
stratified than Cylinder soils in other parts of the 
ou Also included are small areas of poorly drained 
soils. 

This soil has a drought hazard. It is well suited to 
cultivated crops, but tillage practices that conserve 
moisture are required. Capability unit IIs—1. 


Ely series 


The Ely series consists of somewhat poorly drained, 
nearly level to gently sloping soils on foot slopes. Ely 
soils formed in moderately fine textured local alluvium. 
The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is silty 
clay loam about 26 inches thick. The upper part is 
black, and the lower part is very dark grayish brown. 
The subsoil is very dark grayish brown and dark gray- 
ish brown to olive brown silty clay loam about 26 
inches thick. The underlying material is dark grayish 
brown, olive gray, and yellowish brown silt loam. 

Permeability is moderate, and available water ca- 


pacity is high. The rooting zone is deep. Organic 


matter content is high. 

Ely soils are generally used for cultivated crops, al- 
though a few areas are in pasture. 

Representative profile of Ely silty clay loam, 1 to 3 
percent slopes, in a cultivated area, 300 feet south and 
15 feet west of the northeast corner of SE14NE1,, sec. 
25, T. 88.N., R. 38 W.: 

Ap—0 to 8 inches; black (10YR 2/1) medium 
silty clay loam; few fine faint very dark 
grayish brown (10YR 3/2) _peds; 
cloddy; friable; neutral; abrupt smooth 
boundary. 

A12—8 to 18 inches; black (10YR 2/1) medium 
silty clay loam; few fine faint very dark 
grayish brown (10YR 3/2) peds; weak 
fme prismatic and very fine subangular 
blocky structure; friable; neutral; grad- 
ual smooth boundary. 

A8—18 to 26 inches; very dark grayish brown 
(10YR 3/2) heavy silty clay loam; black 
(10YR 2/1) coats on faces of peds; very 
dark brown (10YR 2/2) kneaded; mod- 
erate very fine subangular blocky struc- 
ture; friable; neutral; gradual smooth 
boundary. 

Bi—26 to 32 inches; very dark grayish brown 
(10YR 3/2) heavy silty clay loam; com- 
mon very dark gray (10YR 3/1) coats 
on faces of peds; moderate fine subangu- 
lar blocky structure; friable; neutral; 
gradual smooth boundary. 

B21—32 to 39 inches; dark grayish brown (10YR 
4/2) medium silty clay loam; very dark 
gray (10YR 3/1) and very dark grayish 
brown (10YR 3/2) coats on faces of 
peds; fine subangular blocky structure; 
friable; neutral; gradual, smooth bound- 
ary. 


B22—39 to 52 inches; dark grayish brown (2.5Y 
4/2) to olive brown (2.5 4/4) light silty 
clay loam; very dark gray (LOYR 3/1) 
coats on faces of peds; weak fine pris- 
matic structure parting to weak fine sub- 
angular blocky; friable; very dark gray 
(10YR 3/1) fills in wormholes; few fine 
dark and reddish accumulations (ox- 
ides); strongly effervescent; neutral; 

_ clear smooth boundary. 

C152 to 76 inches; dark grayish brown (2.5Y 
4/2), dark yellowish brown (10YR 4/4), 
and olive gray (5Y 5/2) silt loam; mas- 
sive; friable; few fine dark and reddish 
accumulations (oxides); moderately al- 
kaline; abrupt smooth boundary. . 

C2—76 to 84 inches; olive gray (5Y 5/2) silt 
loam; streaks of yellowish brown (10YR 
5/8); massive, slight stratification; fri- 
able; dark accumulations (oxides) on 
cleavage faces; strong effervescence ; 
moderately alkaline. 

The A horizon is very dark gray (10YR 3/1) or 
very dark grayish brown (10YR 3/2) in the lower part 
and is 20 to 32 inches thick. The B horizon is generally 
very dark gray (10YR 38/1) or very dark grayish 
brown (10YR 3/2) in the upper part and is 20 to 50 
inches thick. The lower part ranges from dark grayish 
brown (10YR 4/2 or 2.5Y 4/2) to dark yellowish 
brown (10YR 4/4) and olive gray (5Y 5/2). The C 
horizon generally has mixed colors. It is light silty clay 
loam or heavy silt loam. , 

Ely, Marcus, and some of the Primghar soils are in 
similar landscape positions. Ely soils have a thicker A 
horizon than Primghar and Marcus soils. They are 
better drained and more sloping than Marcus soils. 

428—Ely silty clay loam, 1 to 3 percent slopes. This 
soil is on foot slopes below areas of gently sloping to 
strongly sloping soils. Most areas are 2 to 10 acres in 
size and are long and narrow in shape. This soil has 
the profile described as representative of the series. 
Many areas have some lighter colored overwash over- 
lying the original black surface layer. 

This soil has no major limitations. However, runoff 
from adjoining slopes causes rilling or sedimentation 
if it is not controlled. This soil is well suited to culti- 
vated crops. It is generally farmed with areas of ad- 
joining upland soils. Capability unit I-1. 


Everly series 


The Everly series consists of well drained, gently 
sloping to strongly sloping soils on uplands. These soils 
formed in less than 20 inches of loess and in the under- 
lying loamy glacial till. The native vegetation was tall 
prairie grasses. 

In a representative profile the surface layer is very 
dark brown clay loam about 6 inches thick. The subsoil 
is about 28 inches thick. The upper part is dark brown 
and brown clay loam, and the lower part is yellowish 
brown loam. The underlying material is yellowish 
brown loam. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep, Organic mat- 
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ter content is moderate to low, depending on the extent 
of erosion. ; 

: Everly soils are used for cultivated crops and pas- 
ure, 

Representative profile of Everly clay loam, 4 to 9 
percent slopes, moderately eroded, in a cultivated area, 
500 feet east and 75 feet north of the southwest corner 
of sec. 1, T. 89 N., R. 87 W.: 

Ap—O to 6 inches; very dark brown (10YR 2/2) 
light clay loam; weak fine granular and 
weak very fine and fine subangular 
blocky structure; friable; slightly acid; 
abrupt smooth boundary. 

B1—6 to 11 inches; dark brown (10YR 3/3) light 
clay loam; thin very dark grayish brown 
(10YR 8/2) coats on peds; weak fine 
granular and weak very fine and fine 
subangular blocky structure; friable; 
neutral; clear smooth boundary. 

B21—11 to 17 inches; brown (10YR 4/3) light 
clay loam; weak fine and very fine sub- 
angular blocky structure; friable; neu- 
tral; clear smooth boundary. 

IITB22—17 to 22 inches; yellowish brown (10YR 
5/4) and dark yellowish brown (10YR 
4/4) heavy loam; weak fine subangular 
blocky structure; friable; few fine red- 
dish accumulations (oxides); slightly 
effervescent; moderately alkaline; clear 
smooth boundary. 

ITB381—22 to 28 inches; yellowish brown (10YR 
5/4) heavy loam; weak fine prismatic 
structure parting to weak fine subangu- 
lar blocky; friable; common medium 
soft lime accumulations; common lime 
threads; few fine reddish accumulations 
(oxides) ; strongly effervescent; moder- 
ately alkaline; gradual smooth bound- 


ary. 

IIB82—28 to 34 inches; yellowish brown (10YR 
5/4) heavy loam; weak fine prismatic 
structure; friable; few fine reddish 
accumulations (oxides); common lime 
threads; strongly effervescent; moder- 
ately alkaline; gradual smooth bound- 


ary. 

to 60 inches; yellowish brown (10YR 
5/4) heavy loam; massive; friable; few 
fine dark accumulations (oxides) ; com- 
mon fine reddish accumulations (ox- 
ides); few fine lime threads; strongly 
effervescent; moderately alkaline. 

The solum is slightly acid or neutral in the upper 
part and mildly alkaline or moderately alkaline in the 
lower part. The A horizon is black (10YR 2/1), very 
dark brown (10YR 2/2), or very dark grayish brown 
(10YR 3/2). It is heavy loam or light clay loam and 
has a high silt content. It is 10 to 16 inches thick 
where uneroded. The B horizon is brown (10YR 4/3), 
dark yellowish brown (10YR 4/4), yellowish brown 
(10YR 5/4 or 5/6), olive brown (2.5Y 4/4), or light 
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olive brown (2.5Y 5/4 or 5/6). It is 4 to 30 inches ° 


thick. In most places it is very dark grayish brown 
(10YR 3/2) or dark brown (10YR 3/3) in the upper 
part and has olive gray (5Y 5/2) mottles in the lower 


part. The C horizon is loam or light clay loam. 

Everly and Sac soils formed in similar parent ma- 
terial. Everly soils formed in less than 20 inches of 
loess over glacial till, and Sac soils formed in 20 to 40 
inches of loess over glacial till. 

577C2—Everly clay loam, 4 to 9 percent slopes, mod- 
erately eroded. This soil is on ridgetops and side slopes. 
Areas range from 2 acres to more than 50 acres in size 
and are irregular in shape. This soil has the profile 
described as representative of the series. 

Included with this soil in mapping are areas of 
slightly eroded soils. Also included are spots of sandy 
or gravelly soils and 14- to 2-acre areas of Storden 
soils, both of which are shown on the map with special 
symbols. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. Most areas are 
farmed with areas of gently sloping or moderately 
sloping Galva or Sac soils. All of these soils are gen- 
erally well suited to contour tillage because of their 
smooth, relatively long slopes. Capability unit T1Te-1. 

577D2—Everly clay loam, 9 to 14 percent slopes, 
moderately eroded. This soil is on side slopes. Most 
areas are 2 to 10 acres in size and are irregular in 
shape. This soil has a profile similar to the one de- 
scribed as representative of the series, but the surface 
layer typically is very dark grayish brown. 

Included with this soil in mapping are areas of Sac 
soils. Also included are small spots of sandy and 
eravelly soils and some 14- to 2-acre areas of Storden 
soils. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. However, 
many areas are used for pasture because of the erosion 
hazard. Most areas that are used for cultivated crops 
are farmed with areas of moderately sloping Galva and 
Sac soils. This soil is suited to contour tillage and ter- 
racing because slopes are generally long and smooth. 
Capability unit IIIe—-2. 


Flagler variant 


The Flagler variant consists of somewhat exces- 
sively drained, gently sloping to moderately sloping 
soils on benches and on uplands. These soils formed in 
glacial sediment and alluvium. The native vegetation 
was prairie grasses. 

In a representative profile the surface layer is very 
dark brown sandy loam about 13 inches thick. The sub- 
soil is brown and dark yellowish brown and is about 
23 inches thick. It is sandy loam in the upper part and 
loamy sand in the lower part. The underlying material 
is dark brown sand and some gravel. 

Permeability is moderately rapid in the surface 
layer and subsoil and rapid in the underlying material. 
Available water capacity is moderate to low. The root- 
ing zone is deep, but root growth often is restricted by 
droughty conditions. Organic matter content is moder- 
ate to low. 

Flagler variant soils are used for cultivated crops or 
pasture. : 3 

Representative profile of Flagler sandy loam, cal- 
careous subsoil variant, 2 to 5 percent slopes, in a 
cultivated field, 300 feet west and 20 feet north of the 
southeast corner of SW1,, of sec. 23, T. 87 N., R. 36 W.: 
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Ap—0 to 8 inches; very dark brown (10YR 2/2) 
heavy sandy loam; weak fine granular 
and weak fine subangular blocky struc- 
ture; friable; slightly acid; clear smooth 
boundary. 

A8—8 to 18 inches; very dark brown (10YR 2/2) 
and very dark grayish brown (10YR 
83/2) sandy loam; weak fine granular and 
weak very fine subangular blocky struc- 
ture; friable; slightly acid; clear smooth 
boundary. 

Bi—13 to 19 inches; brown (10YR 4/8) light 

sandy loam; very dark grayish brown 

(10YR 3/2) coats on ped surfaces; weak 

fine subangular blocky structure; fri- 

able: neutral; clear smooth boundary. 
to 28 inches; dark yellowish brown 

(10YR 4/4) light sandy loam; weak me- 

dium subangular blocky structure; very 

friable; neutral; gradual wavy bound- 
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ary. ; 

IIB8—28 to 86 inches; dark yellowish brown 
(10YR 4/4) loamy sand; weak medium 
subangular blocky structure; very fri- 

’ able; neutral; abrupt wavy boundary. 

JIC—86 to 63 inches; brown (10YR 4/3) sand, 
some gravel; single grained; loose; 
eiponely effervescent; moderately alka- 

. line. 

The solum ranges from medium acid to neutral. The 
A horizon is black (10YR 2/1) to very dark grayish 
brown (10YR 3/2) and is 12 to 24 inches thick unless 
eroded. The B horizon is dark brown (10YR 3/3) to 
strong brown (7.5YR 5/6) and is 8 to 30 inches thick. 
The C horizon is dark yellowish brown (10YR 4/4), 
brown (10YR 4/8), or yellowish brown (10YR 5/4 
and 5/6) loamy sand or sand. It ranges from 0 to more 
than 20 percent gravel. 

The Flagler variant and Sparta soils formed in sim- 
ilar parent material. Flagler variant soils are deeper 
to loamy sand or sand than Sparta soils and are cal- 
careous at a shallower depth than Sparta soils. 

823B—Flagler sandy loam, calcareous subsoil vari- 
ant, 2 to 5 percent slopes. Most areas are on elongated 
knolls and are 2 to 10 acres in size. This soil has the 
profile described as representative of the series. 

Included with this soil in mapping are a few areas 
of soils that have a loam surface layer and some nearly 
level Flagler variant soils. 

This soil has moderate erosion and drought hazards. 
It is suited to cultivated crops if erosion is controlled 
and practices are used to conserve moisture. Contour 
tillage and practices that leave crop residue on the 
surface are also helpful. Capability unit IlTe-3. 

823C2—Flagler sandy loam, caleareous subsoil vari- 
ant, 5 to 9 percent slopes, moderately eroded. This soil 
is on knolls. Most areas are 2 to 10 acres in size and are 
elongated in shape. 

This soil has a profile similar to the one described as 
representative of the series, but the surface layer is 
thinner and lighter colored and in cultivated areas the 
plow layer is very dark grayish brown and commonly 
is mixed with the brown subsoil. 

Included with this soil in mapping are areas of soils 
that have a loam surface layer, areas of soils that have 


coarse gravel and sand in the underlying material, and 
areas of soils that are deeply leached. Also included are 
some areas of soils that are calcareous throughout. 

This soil has severe erosion and drought hazards. It 
is suited to cultivated crops if erosion is controlled and 
if practices to conserve moisture are used. Contour 
tillage and mulch tillage are suitable practices on this 
soil. Capability unit IIIe-3. 


Galva series 


The Galva series consists of well drained, nearly 
level to moderately sloping soils on uplands and on 
stream benches. These soils formed in 40 inches or 
more of loess over glacial till. The native vegetation 
was tall prairie grass. — 

In a representative profile the surface layer is silty 
clay loam about 16 inches thick. The upper part is 
black, and the lower part is very dark grayish brown. 
The subsoil is about 31 inches thick. It is brown silty 
clay loam in the upper 24 inches and dark yellowish 
brown silt loam in the lower 7 inches. The underlying 
material, to a depth of 53 inches, is dark yellowish 
brown silty clay loam that has distinct grayish brown 
mottles. Beneath this is dark yellowish brown clay 
loam that has distinct olive gray mottles. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic mat- 
ter content typically is moderate. | 

Galva soils are mostly used for cultivated crops, but 
a few areas are used for pasture. 

Representative profile of Galva silty clay loam, 2 to 
5 percent slopes, in a cultivated field, 45 feet north and 
1,125 feet east of the southwest corner of sec. 19, T. 
89 N., R. 37 W.: 

Ap—o to 8 inches; black (10YR 2/1) silty clay 
loam; cloddy; friable; slightly acid; 
abrupt smooth boundary. 

A128 to 12 inches; black (10YR 2/1) light silty 
clay loam; moderate fine granular struc- 
ture; friable; neutral; gradual smooth 
boundary. 

A8—12 to 16 inches; very dark grayish brown 
(1OYR 3/2) heavy silty clay loam; mod- 
erate fine granular and very fine suban- 
gular blocky structure; friable; neutral ; 
clear smooth boundary. 

B21—16 to 23 inches; brown (10YR 4/3) heavy 
silty clay loam; very dark grayish brown 
(10YR 3/2) coatings on peds; moderate 
fine subangular blocky structure; fri- 
able; neutral; gradual smooth boundary. 

B22—23 to 32 inches; brown (10YR 4/3) medium 
silty clay loam; weak medium prismatic 
structure parting to weak fine and me- 
dium subangular blocky; friable; neu- 
tral; gradual smooth boundary. 

B31—82 to 40 inches; brown (10YR 4/8) light 
silty clay loam; few fine faint grayish 
brown (2.5Y 5/2) mottles; weak medium 
prismatic structure parting to weak fine 
and medium subangular blocky; few 
patchy coatings on peds; friable; neutral ; 

. gradual smooth boundary. 
B32—40 to 47 inches; dark yellowish brown 
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(LOYR 4/4) heavy silt loam; common 
fine distinct olive gray .(5Y 5/2) and few 
fine distinct strong brown (7/5YR 5/6) 
mottles; moderate medium prismatic 
structure parting to weak medium sub- 
angular blocky; friable; few soft dark 
accumulations (oxides); neutral; grad- 
ual smooth boundary. 

to 53 inches; dark yellowish brown 
(10YR 4/4) silt loam; common medium 
distinct grayish brown (2.5¥ 5/2) mot- 
tles; massive; friable; few fine dark and 
red accumulations (oxides); common 
fine threads of lime; strongly efferves- 
cent; moderately alkaline; gradual 
smooth boundary. 

TIC2—53 to 60 inches; dark yellowish brown 
(10YR 4/4) light clay loam; few me- 
dium distinct olive gray (BY 5/2) mot- 
tles; massive; firm; few fine dark 
accumulations (oxides) ; few medium red 
accumulations (oxides), common fine 
threads of lime; common stones and 
pebbles at loess-till contact; strongly ef- 
fervescent; moderately alkaline. 

The Ai horizon is black (10YR 2/1) or very dark 
brown (10YR 2/2) and is 10 to 16 inches thick where 
uneroded. Because of erosion, mapping units 310B2 


C147 


and 310C2 have a dark colored surface layer that is . 


thinner than the defined range of the Galva series. The 
B horizon is 20 to 86 inches thick. The upper part is 
dark brown (10YR 3/8) or brown (10YR 4/3). The 
upper part of the C horizon is brown (10YR 4/3), dark 
yellowish brown (10YR 4/4), or yellowish brown 
(10YR 5/4). In most places it is light silty clay loam 
or silt loam. The clay loam glacial till directly under- 
lies the solum in places. In units T310 and T310B, the 
underlying material is sand and gravel and is at a 
depth of 4 to 6 feet. 

Galva, Sac, and Primghar soils formed in similar 
parent material. Galva and Primghar soils formed in 
loess. Sac soils formed in 20 to 40 inches of loess and 
in the underlying glacial till. Galva soils are better 
drained than Primghar soils. 

310—Galva silty clay loam, 0 to 2 percent slopes. 
This soil is on ridgetops. Most areas are 2 to 10 acres 
in size. The surface layer of this soil has about 4 per- 
cent organic matter. 

This soil has no major limitations to use. It is well 
suited to cultivated crops. Practices that conserve 
moisture, such as tillage methods that leave crop resi- 
due on the surface, are beneficial. This soil is com- 
monly farmed with areas of gently sloping Galva or 
Sac soils. Capability unit I-1. 

310B—Galva silty clay loam, 2 to 5 percent slopes. 
Areas of this soil extend for a mile or more on convex 
upland positions. This soil has the profile described as 
representative of the series. The surface layer has 
about 3 to 4 percent organic matter, and the total 
content is about 90 tons per acre. 

Included with this soil in mapping are narrow areas 
of Primghar soils. 

This soil has a moderate erosion ‘hazard. It is well 
suited to cultivated crops if erosion is controlled. Good 
tilth is easy to maintain, but timely field operations 


are important because of the clay content of the sur- 
face layer. Capability unit Ile—1. 

310B2—Galva silty clay loam, 2 to 5 percent slopes, 
moderately eroded. This soil is on very slightly convex 
knobs. Most areas are 5 to 10 acres in size and are 
irregular in shape. The surface layer is a very dark 
grayish brown plow layer and is partly mixed with 
material from the brown subsoil in many places. This 
soil has 2 to 3 percent organic matter and the total 
content of the profile is about 45 tons per acre, most of 
which is in the plow layer. ; 

This soil has a moderate erosion hazard. It is well 
suited to cultivated crops if erosion is controlled. This 
soil is farmed with areas of adjoining soils. Since the 
slopes are generally slightly steeper and more convex 
than those of adjoining soils, this soil tends to erode 
more easily. The loss of organic matter and the mixing 
of material from the subsoil with that in the plow 
layer adversely affects tilth. Capability unit Ile—1. 

310C—Galva silty clay loam, 5 to 9 percent slopes. 
This soil is on side slopes. Most areas range from about 
5 to 20 acres in size and are irregular in shape. This 
soil typically has a very dark brown to very dark gray- 
ish brown surface layer about 10 inches thick. The 
surface layer has 3 to 4 percent organic matter, and 
the total content of the profile is about 85 tons per 


re. 

Included with this soil in mapping. are areas of 
Primghar soils in narrow hillside drainageways. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. Good tilth is 
easy to maintain, but timely field operations are im- 
portant because of the clay content of the surface 
layer. Capability unit IIIe—1. 

310C2—Galva silty clay loam, 5 to 9 percent slopes, 
moderately eroded. This soil is on side slopes. It lies 
between areas of gently sloping Galva and Sac soils 
that are upslope and areas of somewhat poorly drained 
and poorly drained soils that are in valleys. Most areas 
are about 5 to 20 acres in size and are irregular in 
shape. This soil typically has a very dark grayish 
brown plow layer that is mixed with some material 
from the brown subsoil. It has about 2 to 3 percent 
organic matter, and the total content is about 40 tons 
per acre, most of which is in the plow layer. 

Included with this soil in mapping are areas of 
Primghar soils in narrow hillside drainageways. 

This soil has a severe erosion hazard. It tends to 
erode more readily than other moderately sloping 
Galva soils because its slopes are generally slightly 
steeper and more convex. Also, the rate of infiltration 
is lower in this soil because of the loss of organic 
matter and the mixing of material from the subsoil 
with that in the plow layer. These factors make it 
difficult to establish a good seedbed. Capability unit 
IITe-1. 

T310—Galva silty clay loam, benches, 0 to:2 percent 
slopes. This nearly level soil is on benches. Most areas 
are 2 to 40 acres in size. This soil has a profile similar 
to that described as representative of the series, but it 
is underlain by gravel and sand at a depth of about 4 
to 6 feet. : 

This soil has no serious limitations for farming. It 
is well suited to cultivated crops, but it is severely 
limited for livestock ponds and many other uses be- 
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doen oa the underlying sand and gravel. Capability 
unit I-1. 

T310B—Galva silty clay loam, benches, 2 to 5 per- 
cent slopes. This gently sloping soil typically is in thin 
bands along the edges of benches. It is between areas 
of nearly level soils on benches and nearly level soils 
on bottom lands. Most areas are 2 to 5 acres in size. 
This soil has a profile similar to that described as rep- 
resentative of the series, but it is underlain by gravel 
and sand at a depth of about 4 to 6 feet. 

This soil has a moderate erosion hazard. It is suited 
to cultivated crops if erosion is controlled, but it is 
severely limited for livestock ponds and some other 
uses because of the underlying gravel and sand..Capa- 
bility unit IIe-1. , 


Harps series 


The Harps series consists of poorly drained, nearly 
level soils on uplands. Harps soils formed in medium 
textured and moderately fine textured glacial sedi- 
ment. Native vegetation was tall grasses and sedges. 

In a representative profile the surface layer is black 
loam and light clay loam about 21 inches thick. The 
subsoil is dark gray and gray clay loam about 21 inches 
thick. The underlying material is light gray loam that 
has strong brown mottles. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep but in wet 
seasons is restricted by a high water table. Organic 
matter content is high. Harps soils are mainly used for 
cultivated crops. 

Representative profile of Harps loam, 0 to 2 percent 
slopes, in a cultivated area, 100 feet south of the north- 
eae ee of the NEY,NEY, of sec. 4, T. 87 N., R. 

Apca—0 to 8 inches; black (5Y 2/1) loam, very 
dark brown (10YR 2/2) dry; weak fine 
granular and weak very fine subangular 
blocky structure; friable; violently ef- 
fervescent; moderately alkaline; abrupt 
smooth boundary. 

A12ca—8 to 15 inches; black (5Y 2/1) loam, dark 
gray (10YR 4/1) dry; weak very fine 
subangular blocky structure; friable; 
violently effervescent; moderately alka- 
line; clear smooth boundary. 

A8ca—15 to 21 inches; black (5Y 2/1) light clay 
loam, gray (5Y 3/1) dry; weak very fine 
subangular blocky structure; friable; 
violently effervescent; moderately alka- 
line; clear smooth boundary. 

Blgca—21 to 30 inches; dark gray (5Y 4/1) and 
very dark gray (5Y 8/1) light clay 
loam; weak very fine subangular blocky 
structure; friable; strongly efferves- 
cent; moderately alkaline; clear smooth 
boundary. 

B2g—-30 to 42 inches; dark gray (5Y 4/1) and 
gray (5Y 5/1) light clay loam; few fine 
distinct light gray (5Y 7/1) mottles; 
weak very fine subangular blocky struc- 
ture; friable; strongly effervescent; 
moderately alkaline; gradual smooth 
boundary. 


Clg—42 to 52 inches; light gray (BY 6/1) loam; 
few .fine distinct strong brown (7.5YR 
5/6) mottles; massive; friable; few fine 
dark and reddish accumulations (ox- 
ides); common light gray lime concre- 
tions; strongly effervescent; moderately 
alkaline; gradual smooth boundary. 

C2g¢—52 to 70 inches; light gray (5Y 6/1) loam; 
many medium prominent strong brown 
(7.5YR 5/8) mottles; massive; friable; 
common fine dark accumulations (ox- 
ides); few light gray lime concretions; 
strongly effervescent; moderately alka- 
line. 

The A horizon is black (10YR 2/1 or 5Y 2/1) or 
very dark gray (10YR 8/1 or 5Y 3/1) loam or light 
clay loam. It is 12 to 22 inches thick. The B horizon is 
dark gray (BY 4/1), gray (5Y 5/1), or light gray (5Y 
6/1) loam or light clay loam and has distinct brownish 
mottles in some places. It is 18 to 30 inches thick. The 
C horizon generally is dark gray (5Y 4/1), gray (5Y 
5/1), olive gray (5Y 5/2), or light gray (5Y 6/1) and 
has distinct yellowish brown or strong brown mottles. 
In places it has thin strata of coarser textured mate- 
rial. 

Harps and Canisteo soils formed in similar parent 
material. Harps soils are highly calcareous; Canisteo 
soils are moderately calcareous. : 

95—Harps loam, 0 to 2 percent slopes. This soil is 
on narrow rims along the edge of depressions. Areas 
of this soil are at a lower elevation than the adjoining 
better drained soils. They have a high lime content and 
appear as whitish bands around the depressions when 


‘the soil is dry. Most areas are 2 to 10 acres in size. 


The main management concern is wetness. This soil 
is well suited to cultivated crops, but the high content 
of lime reduces the availability of some plant nutrients 
and affects the reaction of herbicides. If this soil is not 
adequately drained, root growth is restricted during 
wet seasons. Tile drains work well if satisfactory out- 
lets are available. Capability unit Ilw-1. 


Ida series 


The Ida series consists of well drained, strongly slop- 
ing to very steep soils on uplands. These soils formed 
in medium textured loess. The native vegetation was 
prairie grasses. 

In a representative profile the surface layer is 
brown silt loam about 7 inches thick. The underlying 
material is brown, yellowish brown, and light olive 
brown silt loam and extends to a depth of more than 
60 inches. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic mat- 
ter content is generally low. 

Ida soils are used for cultivated crops and pasture. 

Representative profile of Ida silt loam, 14 to 20 per- 
cent slopes, severely eroded, in a pasture, 100 feet east 
and 300 feet north of the southwest corner of 
NEWNWI, of sec. 21, T. 86 N., R. 37 W.: 

Ap—O to 7 inches; brown (10YR 4/3) silt loam; 
weak fine subangular blocky structure; 
friable; strongly effervescent; moder- 
ately alkaline; abrupt smooth boundary. 
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C1—7 to 22 inches; brown (10YR 4/8) silt loam; 
weak fine subangular blocky  struc- 
ture; friable; common fine lime concre- 
tions; few medium dark reddish brown 
accumulations (oxides); strongly effer- 
vescent; moderately alkaline; gradual 
smooth boundary. 

C2—22 to 86 inches; yellowish brown (10YR 
5/4) silt loam; few fine distinct grayish 
brown (2.5Y 5/2) mottles and few fine 
faint yellowish brown (10YR 5/6) mot- 
tles; massive; friable; few medium dark 
accumulations (oxides); few fine lime 
threads; strongly effervescent; moder- 
ately alkaline; gradual smooth bound- 


ary. 

C38—36 to 50 inches; yellowish brown (10YR 
5/4) silt loam; few fine faint yellowish 
brown (10YR 5/6) mottles; friable; 
many fine dark accumulations (oxides) ; 
few fine lime threads; strongly efferves- 
cent; moderately alkaline; clear smooth 
boundary. 

C4—-50 to 60 inches; light olive brown (2/5Y 
5/4) silt loam; few fine faint grayish 
brown (2.5Y 5/2) mottles; massive; 
friable; few medium dark accumulations 
(oxides); strongly effervescent; moder- 
ately alkaline. 

The A horizon is very dark grayish brown (10YR 
3/2) to brown (10YR 4/3) and is about 6 inches thick. 
The Ap horizon typically is dark grayish brown 
(1OYR 4/2) or brown (10YR 4/3) and is 6 to 10 
inches thick. The upper part of the C horizon is brown 
(1OYR 4/3), dark yellowish brown (10YR 4/4), or 
yellowish brown (10YR 5/4 or 5/6). The lower part 
ie from brown (10YR 4/3) to olive brown (2.5Y 


Ida, Monona, and Marshall soils formed in loess. Ida 
soils are coarser textured than Marshall soils. Ida soils 
are moderately alkaline, and Monona and Marshall 
soils are slightly acid to neutral and are noncalcareous. 

1D3—Ida silt loam, 9 to 14 percent slopes, severely 
eroded, This soil is on convex hillsides. Areas are gen- 
erally 2 to 10 acres in size and are irregular in shape. 

Included with this soil in mapping are areas of Ida 
soils that have a darker colored surface layer than that 
described as representative of the series. Also included 
are areas of Ida soils that are moderately sloping and 
areas of Ida soils that have many lime concretions on 
the surface. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. This soil has a 
high lime content that reduces the availability of 
phosphorus and other plant nutrients. It is farmed 
with areas of Marshall and Monona soils but has a 
lower level of available nutrients. Because runoff -is 
more rapid on this soil, it has less available water than 
those soils. It responds well to management that re- 
duces runoff, increases fertility, and controls erosion. 
Capability unit ITTe-2. , 

1E3—Ida silt loam, 14 to 20 percent slopes, severely 
eroded. This soil is on convex hillsides. Most areas are 
2 to 10 acres in size and are irregular in shape. This 


soil has the profile described as representative of the 
series. 

Included with this soil in mapping are areas of soil 
that have a darker colored surface layer than the one 
described as representative of the series. Also included 
are areas of Ida soils that have numerous lime concre- 
tions on the surface. ‘ 

This soil has a severe erosion hazard. It is suited to 
hay or pasture. It can be planted to cultivated crops 
part of the time if erosion is controlled. This soil has 
a high lime content that reduces the availability of 
phosphorus and other plant nutrients. Much of the 
precipitation is lost unless runoff is controlled by using 
practices such as terraces, contour tillage, and ade- 
quate plant cover. This soil responds well to manage- 
ment that reduces runoff and erosion and increases 
fertility. Capability unit [Ve-1. 

1F3—Ida silt loam, 20 to 30 percent slopes, severely 
eroded. This soil is at or near the base of hillsides. Most 
areas are 2 to 10 acres in size and are irregular in 
shape. ; 
Included with this soil in mapping are areas of soils 
that have a darker colored surface layer than the one 
described as representative of the series. Also included 
are areas of very steep Ida soils and areas of Ida soils 
that have numerous lime concretions on the surface. 

This soil has a severe erosion hazard. It is suited to 
hay, although in places the steepness of the slope 
makes it hazardous to use farm machinery. Capability 
unit VIe-1. 


Judson series 


The Judson series consists of well drained and mod- 
erately well drained, gently sloping to moderately 
sloping soils on foot slopes. These soils formed in mod- 
erately fine textured local alluvium. The native vege- 
tation was tall prairie grasses. . 

In a representative profile the surface layer is silty 
clay loam about 25 inches thick. The upper part is 
black, and the lower part is very dark grayish brown. 
The subsoil is dark brown silty clay loam about 538 
inches thick. The underlying material is olive brown 
silty clay loam. 

Permeability is moderate and available water capac- 
ity is high. The rooting zone is deep. Organic matter 
content is high. 

Judson soils are used for cultivated crops. 

Representative profile of Judson silty clay loam, 3 to 
8 percent slopes, in a cultivated area, 400 feet west 
and 100 feet north of the southeast corner of NEV, 
of sec. 20, T. 87 N., R. 88 W.: 

Ap—0 to 7 inches; black (10YR 2/1) light silty 
clay loam; cloddy; friable; slightly acid; 
abrupt smooth boundary. 

A12—7 to 10 inches; black (10YR 2/1) light silty 
clay loam; weak coarse platy structure 
parting to weak fine granular and weak 
fine subangular blocky; friable; neutral; 
gradual smooth boundary. 

A8—10 to 25 inches; very dark grayish brown 

“  (10YR 8/2) light silty clay loam; black 
(10YR-2/1) coatings on peds; common 
medium distinct brown (10YR 4/3) 
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mottles; weak fine granular and weak 
very fine subangular blocky structure; 
friable; neutral; gradual smooth bound- 


ary. 

B21—25 to 45 inches; dark brown (10YR 3/3) 
medium silty clay loam; very dark gray- 
ish brown (10YR 3/2) coatings on peds; 
weak fine prismatic structure parting to 
weak fine subangular blocky; friable; 
neutral; gradual smooth boundary. 

B22—45 to 54 inches; dark brown (10YR 3/3) 
medium silty clay loam; very dark gray- 
ish brown (10YR 3/2) coatings on peds; 
weak medium prismatic structure part- 
ing to weak fine subangular blocky; few 
fine dark accumulations (oxides); neu- 
tral; gradual; smooth boundary. 

B31—54 to 69 inches; dark brown (10YR 3/3) 
medium silty clay loam; very dark gray- 
ish brown (10YR 3/2) coatings on peds; 
weak medium prismatic structure part- 
ing to weak fine subangular blocky; 
friable; common fine dark accumula- 
tions (oxides); very few fine reddish 
accumulations (oxides); slightly acid; 
gradual smooth boundary. 

B382—69 to 78 inches; dark brown (10YR 3/38) 
medium silty clay loam; very dark gray- 
ish brown (10YR 3/2) coatings on peds; 
few fine faint brown (10YR 4/3) mot- 
tles; weak medium prismatic structure; 
friable; common dark accumulations 
(oxides); few fine reddish accumula- 
tions (oxides); neutral; clear smooth 
boundary. 


C—78 to 93 inches; olive brown (2.5Y 4/4) light | 


silty clay loam; weak medium prismatic 
structure; friable; common dark reddish 
accumulations (oxides); neutral. 

The solum is medium acid to neutral in the most acid 
part. The A horizon is 24 to 36 inches thick. The upper 
part is very dark brown (10YR 2/2) in some places. 
The B horizon is dark brown (10YR 3/3) or brown 
(10YR 4/3) and has grayish mottles below a depth of 
30 inches in some places. It is 10 inches to several feet 
thick. The C horizon is moderately alkaline and cal- 
careous in some places. 

Judson soils in Sac County have value of 3 that ex- 
tends to a depth of 40 inches or more, which is not 
within the defined range of the Judson series. This 
difference does not have a significant effect on the use 
or behavior of the soils. 

Judson, Ely, and Kennebec soils formed in similar 
parent material. Judson soils are generally more slop- 
ing, are finer textured, and have a thinner surface 
layer than Kennebec soils. Judson soijs are generally 
more sloping and better drained than Ely soils. 

8C—Judson silty clay loam, 3 to 8 percent slopes. 
This soil is on foot slopes or alluvial fans. Most areas 
‘are 2 to 5 acres in size and are long and narrow in 
shape. 

Included with this soil in mapping are bands of Ely 
ae along the downslope edge of areas of some Judson 
soils. 

This soil has a moderate to severe erosion hazard. It 


is suited to cultivated crops if erosion is controlled. 
Most areas are farmed with areas of adjoining upland 
soils. This soil receives runoff from adjoining soils that 
are upslope, which causes rilling and, in places, sedi- 
mentation. Capability unit IIe-1. 


Kennebec series 


The Kennebec series consists of moderately well 
drained, gently sloping soils on foot slopes. These soils 
formed in moderately fine textured local alluvium. The 
native vegetation was tall prairie grasses. 

In a representative profile this soil is black silty clay 
loam to a depth of 20 inches and very dark grayish 
brown silty clay loam between depths of 20 and 46 
inches. The underlying material is silty clay loam that 
extends to a depth of 72 inches or more. It is very dark 
grayish brown in the upper part and dark brown in the 
lower part. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic mat- 
ter content is high. 

Kennebec soils are generally used for cultivated 
crops. 

Representative profile of Kennebec silty clay loam, 
2 to 5 percent slopes, in a.cultivated area, 50 feet west 
and 200 feet south of the northeast corner of NW1%4, 
SEY, of sec. 22, T. 86 N., R. 38 W.: 

Ap—0 to 9 inches; black (10YR 2/1) light silty 
clay loam; weak fine granular and weak 
very fine subangular blocky structure; 
friable; neutral; abrupt smooth bound- 
ary. 

A12—9 to 20 inches; black (10YR 2/1) light 
silty clay loam; weak very fine and fine 
subangular blocky structure; friable; 
stratified with few thin grayish brown 
(2.5Y 5/2) lenses; neutral; gradual 
smooth boundary. 

A13—20 to 36 inches; very dark grayish brown 
(10YR 3/2) light silty clay loam; black 
(10YR 2/1) ped surfaces; weak very 
fine and fine subangular blocky struc- 
ture; friable; stratified with few thin 
grayish brown (2.5Y 5/2) lenses; neu- 
tral; gradual smooth boundary. 

A14—-36 to 46 inches; very dark grayish brown 
(10YR 3/2) light silty clay loam; black 
(JOYR 2/1) ped surfaces; weak fine 
subangular blocky structure; friable; 
neutral; gradual smooth boundary. 

C1—46 to 54 inches; very dark grayish brown 
(10YR 3/2) light silty clay loam; very 
dark gray (10YR 3/1) ped surfaces; 
weak fine granular and weak very fine 
subangular blocky structure; friable; 
neutral; clear smooth boundary. 

C2—54 to 72 inches; dark brown (10YR 3/8) 
light silty clay loam; very dark gray 
(10YR 3/1) ped surfaces; weak fine 
prismatic structure parting to weak fine 
subangular blocky; friable; few fine red- 
dish accumulations (oxides) ; neutral. 

The A horizon is neutral or slightly acid light silty 
clay loam or heavy silt loam. It is 36 to 54 inches thick. 
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The upper part is black (10YR 2/1) or very dark 
brown (10YR 2/2), and the lower part is black (10YR 
2/1), very dark brown (10YR 2/2), or very dark gray- 
ish brown (10YR 8/2). The C horizon is black (10YR 
2/1), very dark gray (10YR 3/1), very dark grayish 
brown (10YR 3/2), or dark brown (10YR 3/3) light 
silty clay loam or heavy silt loam. __ 

The Kennebec soils in this county have a thin, light 
colored stratum in the A horizon that is not within the 
defined range of the Kennebec series. This difference 
does not have a significant effect on the use or behavior 
of the soils. 

Kennebec and Judson soils formed in similar parent 
material. Kennebec soils have a thicker dark colored 
surface layer than Judson soils. 

26B—Kennebec silty clay loam, 2 to 5 percent slopes. 
Most areas of this soil are on foot slopes downslope 
from soils that formed in loess. Most areas are 2 to 10 
acres in size and are long and narrow in shape. This 
soil has the profile described as representative of the 
series. 

Included with this soil in mapping are areas of soils 
that have as much as 15 inches of very dark grayish 
brown overwash on the surface. Also included are 
areas that are dissected by a gully. 

This soil has a moderate erosion hazard. It received 
runoff from the soils that are upslope, which causes 
rilling and sedimentation. There is a hazard of gullies 
cutting into waterways. This soil is well suited to culti- 
vated crops if runoff from upslope is intercepted and 
if erosion is controlled. Grassed waterways help con- 
trol gully erosion. Capability unit IIe-1. 

5B—Kennebec-Ackmore complex, 2 to 5 percent 
slopes. This complex is generally in long narrow drain- 
ageways. Most areas are 2 to 40 acres in size. This 
complex is about 60 percent Kennebec soils, 30 percent 
Ackmore soils, and 10 percent Colo, Judson, and other 
soils. The Kennebec soils are on foot slopes or at the 
head of drainageways, and the Ackmore soils are in 
the central part of the complex. 

The main management problems are wetness, sedi- 
mentation, and erosion caused by runoff from soils 
that are upslope. Gullying is a hazard. These soils are 
well suited to cultivated crops if wetness is controlled, 
Capability unit IIw-1. ; 

C5B—Kennehec-Ackmore complex, channeled, 2 to 
5 percent slopes. This complex is in long, narrow drain- 
ageways. Most areas are 2 to 20 acres in size. This 
complex is about 60 percent Kennebec soils, 30 percent 
Ackmore soils, and 10 percent Colo, Judson, and other 
soils. The Kennebec soils are on foot slopes or at the 
head of drainageways, and the Ackmore soils are in 
the central part of the complex. Areas of the Ackmore 
soils have gullies or channels that are not crossable 
with farm machinery. 

Gullies or stream channels cut the areas of this com- 
plex into small sections, making it generally unsuitable 
for cultivated crops. Excess water from upslope causes 
wetness, sedimentation, and erosion. These soils are 
suited to pasture or woodland. Capability unit Vw-1. 


Lanyon series 


The Lanyon series consists of very poorly drained 
soils in depressions on uplands. These soils formed in 


moderately fine textured and fine textured glacial sedi- 
ment. The native vegetation was marshgrasses, sedges, 
and other water-tolerant grasses. . 

In a representative profile the surface layer is black 
silty clay loam about 15 inches thick. The underlying 
material is gray silty clay loam, silty clay, and clay 
loam. ; 

‘Permeability is moderately slow to slow, and avail- 
able water capacity is high. The rooting zone is deep, 
but in wet seasons it is restricted by a high water 
table. Organic matter content is high. : 

Lanyon soils are generally used for cultivated crops. 
Undrained areas are commonly used for pasture. 

Representative profile of Lanyon silty clay loam, 0 
to 1 percent slopes, in pasture, 145 feet north and 400 
feet west of the southeast corner of NEYNWY, of 
sec. 8, T. 86 N., R. 35 W.: . . 

Ap—0 to 7 inches; black (N 2/0) medium silty 
clay loam; weak fine granular structure; 
friable; neutral; abrupt smooth bound- 


ary. ; ; 
A12—7 to 11 inches; black (N 2/0) medium silty 
clay loam; weak fine granular and mod- 
erate fine and very fine subangular and 
angular blocky structure; friable; neu- 
tral; abrupt smooth boundary. . 
A13—11 to 15 inches; black (N 2/0) heavy silty 
clay loam; common medium distinct 
olive gray (BY 4/2) mottles; moderate 
very fine and fine angular blocky struc- 
ture; friable; few thin brown coats on 
root channels; neutral; abrupt smooth 
boundary. ; 
Clg—15 to 21 inches; gray (5Y 5/1) heavy silty 
clay loam; very dark gray (5Y 3/1) 
coats on peds in the upper part; few fine 
prominent strong brown (7.5YR 5/6) 
mottles; weak fine subangular blocky 
structure; firm; many thin brown coats 
on- root channels; few fine dark accumu- 
lations (oxides) ; few very fine lime con- 
cretions; few pale olive streaks; weakly 
effervescent; mildly alkaline; abrupt 
smooth boundary. ; 
C2g—21 to 31 inches; gray (5Y 5/1) heavy silty 
clay loam; many fine distinct light olive 
brown (2.5Y 5/4) mottles; moderate 
fine prismatic structure parting to weak 
fine subangular blocky; firm; common 
very fine dark accumulations (oxides) ; 
thin brown coats in root channels; thin 
discontinuous shiny coatings on ped sur- 
faces; few fine lime concretions and 
snail shells; strongly effervescent; mod- 
erately alkaline; gradual smooth bound- 


ary: ; 
C38g—31 to 44 inches; gray (5Y 5/1) light silty 
clay; light olive brown (2.5Y 5/4) mot- 
tles; moderate fine prismatic structure 
parting to weak very fine angular and 
subangular blocky; firm; common me- 
dium brown coats in root channels; com- 
mon dark and reddish accumulations 
(oxides) ; strongly effervescent; moder- 
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ately alkaline; gradual smooth bound- 


ary. 

C4g—44 to 56 inches; gray (5Y 5/1) light silty 
clay, common fine distinct light olive 
brown (2.5Y 5/4) mottles; weak fine 
prismatic structure parting to weak very 
fine angular blocky; firm; common 
dark reddish accumulations (oxides); 
strongly effervescent; moderately alka- 
line; abrupt smooth boundary. 

C5g—56 to 66 inches; gray (5Y 5/1) light clay 
loam; common fine distinct light olive 
brown (2.5Y 5/4) mottles and few me- 
dium distinct yellowish brown (10YR 
5/6) mottles; massive; friable; strongly 
effervescent; moderately alkaline. 

The A horizon is medium or heavy silty clay loam or 
light silty clay 10 to 16 inches thick. The B horizon, if 
present, is heavy silty clay loam or light silty clay 0 to 
8 inches thick. It is very dark gray (N 3/0 or 5Y 3/1) 
to olive gray (BY 5/2). The C horizon is dark gray 
(BY 4/1), gray (5Y 5/1), or olive gray (5Y 5/2). 

Lanyon, Okoboji, and Wacousta soils formed in sim- 
ilar parent material in depressions. Lanyon soils are 
finer textured than Wacousta soils and have a solum 
that is thinner than that of Okoboji soils and, in 
places, is finer textured. 

606—Lanyon silty clay loam, 0 to 1 percent slopes. 
This soil is in depressions surrounded by soils that are 
better drained. Most areas are 20 to 60 acres in size 
and are irregular in shape. 

The main management concern is wetness. Main- 
taining good tilth is difficult. This soil is suited to cul- 
tivated crops if it is adequately drained and if flooding 
or ponding is controlled. Artificial drainage generally 
requires deep cuts to establish suitable outlets. Capa- 
bility unit IIw—1. 


Lester series 


The Lester series consists of well drained, gently 
sloping to moderately sloping soils on uplands. These 
soils formed in glacial till. The native vegetation was 
trees and grasses. 

In a representative profile the surface layer is very 
dark gray loam about 6 inches thick. The subsurface 
layer is very dark grayish brown and dark brown loam 
about 3 inches thick. The subsoil is about 39 inches 
thick. The upper part is brown and dark yellowish 
brown clay loam, and the lower part is brown and 
light olive brown clay loam. The underlying material 
is light olive brown loam. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic mat- 
ter content is moderate to low. 

Lester soils are generally used for cultivated crops. 
A few areas are in native vegetation. 

Representative profile of Lester loam, 2 to 7 percent 
slopes, in a wooded pasture, 175 feet south and 350 
feet west of the northeast corner of sec. 2, T. 87 N., 
R. 36 W.: 

A1l—0 to 6 inches; very dark gray (10YR 3/1) 
loam; weak very fine subangular blocky 
structure; friable; slightly acid; abrupt 
smooth boundary. 


A2—6 to 9 inches; very dark grayish brown 
(10YR 3/2) and dark brown (10YR 
83/3) loam; weak thin platy structure; 
friable; many grayish (dry) coats on ped 
surfaces; medium acid; abrupt smooth 
boundary. ; 

Bit—9 to 14 inches; brown (10YR 4/8) light clay 
loam; thin discontinuous dark grayish 
brown (10YR 4/2) coats on peds; weak 
very fine subangular blocky structure; 
friable; many grayish (dry) coats on ped 
surfaces; medium acid; clear smooth 
boundary. ; 

B21t—14 to 21 inches; brown (10YR 4/3) light 
clay loam; thin discontinuous dark gray- 
ish brown (10YR 4/2) coats on peds; 
moderate fine subangular blocky struc- 
ture; friable; many grayish (dry) coats 
on ped surfaces; medium acid; clear 
smooth boundary. 

B22t—21 to 25 inches; brown (10YR 4/3) me- 
dium clay loam; thin discontinuous dark 
brown: (10YR 3/3) coats on ped sur- 
faces; moderate fine subangular blocky 
structure; firm; medium acid; gradual 
smooth boundary. 

B23t—25 to 30 inches; dark yellowish brown 
(10YR 4/4) medium clay loam; thin dis- 
continuous dark brown (10YR 3/3) 
coats on peds; common fine distinct 
yellowish brown (10YR 5/4) mottles; 
moderate fine subangular blocky struc- 
ture; firm; few fine dark organic coats 
in pores; medium acid; gradual smooth 
boundary. 

B31t—30 to 48 inches; dark yellowish brown 
(10YR 4/4) medium clay loam; thin 
discontinuous dark brown (10YR 3/8) 
coats on peds; common fine distinct light 
olive brown (2.5Y 5/4) mottles; weak 
fine prismatic structure parting to mod- 
erate fine subangular blocky; firm; few 
dark and reddish accumulations (ox- 
ides) ; few thin patchy organic coats on 
ped surfaces and in pores; neutral; grad- 
ual smooth boundary. 

B32t—43 to 48 inches; brown, (10YR 4/3) and 
light olive brown (2.5Y 5/4) light clay 
loam: thin discontinuous dark brown 
(10YR 3/3) coats on peds; few fine dis- 
tinct olive gray (5Y 5/2) mottles; weak 
fine prismatic structure parting to weak 
fine subangular blocky; friable; dark 
patchy organic coats on peds and in 
pores; few fine dark and reddish accu- 
mulations (oxides); neutral; clear 
smooth boundary. , 

C—48 to 72 inches: light olive brown (2.5Y 5/4) 
loam; common fine distinct olive gray 
(BY 5/2) mottles; massive; friable; few 
organic coats in small root channels; 
common fine lime threads; common very 
fine dark and reddish accumulations 
(oxides) ; strongly effervescent; moder- 
ately alkaline. 


SAC COUNTY, IOWA 


The solum is mainly medium acid or slightly acid, 
but the lower part ranges to neutral. The Al or Ap 
horizon is black (10YR 2/1), very dark gray (10YR 
3/1), or very dark grayish brown (10YR 3/2) loam or 
light clay loam and is 6 to 10 inches thick. The A2 
horizon is very dark gray (10YR 3/1) to dark grayish 
brown (10YR 4/2) loam or light clay loam and is 1 to 


4 inches thick. The B horizon is 10 to 39 inches thick. - 


The C horizon is yellowish brown (10YR 5/4 or 5/6) 
or light olive brown (2.5Y 5/4). ; 

Lester, Le Sueur, and Clarion soils formed in simi- 
lar parent material. Lester soils are better drained than 
Le Sueur soils, and have a more clayey B horizon 
than Clarion soils. 

236B—Lester loam, 2 to 7 percent slopes. Most 
areas of this soil are on knolls and are 2 to 5 acres in 
size. They are generally surrounded by less well drained 
soils. Some areas are on ridgetops. 


Included with this soil in mapping are spots of sandy . 


or gravelly soils. 

This soil has a moderate erosion hazard. It is well 
suited to cultivated crops if erosion is controlled. The 
use of contour tillage and terraces is limited in many 
places by short, irregular slopes. Good use of crop resi- 
due and manure is especially helpful in these places. 
Capability unit IIe-1. 


Le Sueur series 


The Le Sueur series consists of somewhat poorly 
drained to moderately well drained, nearly level to 
gently sloping soils on uplands. These soils formed in 
moderately fine textured and medium textured glacial 
till. The native vegetation was trees and grasses. 

In a representative profile the surface layer is very 
dark grayish brown loam about 8 inches thick. The 
subsurface layer is dark grayish brown loam about 6 
inches thick. The subsoil is dark grayish brown, very 
dark grayish brown, and grayish brown clay loam 
about 30 inches thick. The underlying material is yel- 
joists brown and light olive brown or olive gray clay 
oam. ; 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic mat- 
ter content is moderate. 

Le Sueur soils are used for cultivated crops or are 
in native vegetation, 

Representative profile. of Le Sueur loam, 1 to 3 
percent slopes, in a cultivated area, 150 feet east and 
200 feet south of the northwest corner of SW14NE14, 
of sec. 11, T. 86 N., R. 35 W.: 

Ap—0 to 8 inches; very dark grayish brown 
(10YR 3/2) loam; gray (10YR 5/1). 
dry; cloddy; friable; neutral; abrupt 
smooth boundary. 

A21—8 to 11 inches; dark grayish brown (10YR 
4/2) loam; light gray (10YR 6/1) dry; 
light gray (10YR 7/1) coats on plates; 
weak medium platy structure parting to 
weak very fine subangular blocky; fri- 
able; many fine dark accumulations 
(oxides) ; neutral; abrupt smooth bound- 


ary. 
A22—11 to 14 inches; dark grayish brown (10YR 
4/2) loam; gray (10YR 5/1) dry; light 
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gray (1OYR 6/1 and 7/1) coats on 
peds; moderate very fine subangular 
blocky structure; friable; many very fine 
dark accumulations (oxides) ; few very 
fine reddish accumulations (oxides) ; 
slightly acid; abrupt smooth boundary. 


B21t—14 to 23 inches; dark grayish brown (2.5Y 


4/2) and very dark grayish brown 
(10YR 3/2) heavy clay loam; common 
fine distinct olive brown (2.5Y 4/4) mot- 
tles; thick very dark gray (10YR 3/1) 
coats on peds; moderately very fine sub- 
angular structure; firm; common very 
fine dark accumulations (oxides); few 
very fine reddish accumulations (oxides) ; 
medium acid; clear smooth boundary. 


B22t—23 to 32 inches; dark grayish brown (2.5Y 


4/2) and grayish brown (2.5Y 5/2) me- 
dium clay loam; common fine distinct 
gray (10YR 5/1) mottles; weak fine 
prismatic structure parting to moderate 
fine subangular blocky; firm; common 
medium dark accumulations (oxides) ; 
common fine reddish accumulations 
(oxides) ; dark clay fills in root channels 
and pores; thick clay films on faces of 
prisms and peds; mildly alkaline; clear 
smooth boundary. 


B381t—82 to 38 inches; grayish brown (2/5Y 5/2) 


medium clay loam; common fine distinct 
yellowish brown (10YR 5/6) mottles; 
weak fine prismatic structure parting to 
weak medium subangular blocky; firm; 
thick clay films in pores and root 
channels; few medium soft lime accumu- 
lations; many fine distinct reddish accu- 
mulations (oxides); thick clay films on 
faces of prisms and peds; strongly ef- 
fervescent; moderately alkaline; clear 
smooth boundary. 


B32t—38 to 44 inches; grayish brown (2.5Y 5/2) 


medium clay loam; few fine distinct yel- 
lowish brown (10YR 5/6) mottles; weak 
fine prismatic structure parting to weak 
medium subangular blocky; firm; thick 
dark clay films in root channels and pores 
and on faces of prisms and peds; com- 
mon fine dark accumulations (oxides) ; 
common fine. reddish accumulations 
(oxides) ; common fine soft lime accu- 
mulations; strongly effervescent; mod- 
erately alkaline; clear smooth boundary. 


C1—44 to 51 inches; yellowish brown (10YR 


5/6) and light olive gray (5Y 6/2) loam; 
friable; common fine dark accumulations 
(oxides); few fine reddish accumula- 
tions (oxides) ; many clay films in pores; 
many fine soft lime accumulations; 
strongly effervescent; moderately alka- 
line; gradual smooth boundary. 


C2—51 to 60 inches; yellowish brown (10YR 


5/6) and olive gray (5Y 5/2) loam; fri- 
able; common fine dark accumulations 
(oxides) ; few medium reddish accumu- 
lations (oxides) ; few clay films in pores; 
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few soft lime accumulations; strongly ef- 
fervescent; moderately alkaline. 

The Al or Ap horizon is black (10YR 2/1) to very 
dark grayish brown (10YR 3/2) loam or light clay 
loam 6 to 12 inches thick. The A2 horizon, if present, 
is very dark gray (10YR 3/1) to grayish brown (2.5Y 
5/2) and is 2 to 8 inches thick. The B horizon is 18 to 
40 inches thick. The C horizon has mixed colors but is 
commonly light olive brown (2.5Y 5/4 or 5/6), yellow- 
ish brown (10YR 5/4 or 5/6), olive gray (5Y 5/2), or 
light olive gray (5Y 6/2) in a combination of domi- 
nant colors and mottles. The C horizon is calcareous. 

The Le Sueur soils in this county have dark colors 
that extend to a shallower depth than is defined in the 
range of the Le Sueur series. Also, the reaction is 
higher. These differences do not have a significant 
effect on the use and behavior of these soils. 

Le Sueur, Lester, and Nicollet soils formed in simi- 
lar parent material. Le Sueur soils are less well 
drained than Lester soils. They have a thinner, less 
clayey surface layer and a slightly more clayey B hori- 
zon than Nicollet soils. 

325——Le Sueur loam, 1 to 3 percent slopes. Most 
areas of this soil are 2 to 10 acres in size and are 
irregular in shape. 


Included with this soil in mapping are areas of Les- 


ter soils. 

This soil has no major limitations. It is well suited 
to cultivated crops. Wetness is a slight limitation at 
times. This soil dries out more slowly than some soils 
with which it is farmed. Tiles are used in places. Ca- 
pability unit I-1. 


Letri series 


The Letri series consists of poorly drained, nearly 
level to gently sloping soils on uplands and on benches. 
These soils formed in a thin layer of erosional sedi- 
ment and are underlain by calcareous, firm clay loam 
glacial till. The native vegetation was tall prairie 
grasses. 

In a representative profile the surface layer is black 
silty clay loam and clay loam about 14 inches thick. 
The subsoil is clay loam and is about 20 inches thick. 
The upper part is dark olive gray and olive, the mid- 
dle part is olive gray and olive, and the lower part is 
light olive gray. The underlying material is light olive 
gray, strong brown, yellowish brown, and olive gray 
clay loam. 

Permeability is moderate in the upper part of the 
profile and moderately slow in the lower part. Available 
water capacity is high. The rooting zone is deep but in 
wet seasons is restricted by a high water table. Organic 
matter content is high. 

Letri soils are used for crops and pasture. 

Representative profile of Letri silty clay loam, 1 to 
4 percent slopes, in a cultivated area, 450 feet north 
and 20 feet east of the southwest corner of NE14 NEV, 
of sec. 29, T. 88 N., R. 38 W.: 

Ap—0 to 8 inches; black (10YR 2/1) silty clay 
loam; high content of sand; weak fine 
granular to very fine weak subangular 
blocky structure; friable; neutral; 
abrupt smooth boundary. 


A8—8 to 14 inches; black (L0YR 2/1) medium 
clay loam; common medium distinct 
dark grayish brown (2.5Y 4/2) mottles; 
weak fine granular to very fine weak sub- 
angular blocky structure; friable; neu- 
tral; clear smooth boundary. 

Bi—14 to 18 inches; mixed dark olive gray (5Y¥ 
3/2) and olive (5Y 4/3) medium clay 
loam; weak fine and very fine subangu- 
lar blocky structure; friable; mildly al- 
kaline; clear smooth boundary. 

B21—18 to 23 inches; mixed olive gray (5Y 5/2) 
and olive (5Y 5/3) medium clay loam; 
few fine faint light olive brown (2.5Y 
5/4) mottles; weak fine subangular 
blocky structure; friable; few fine dark 
accumulations (oxides); slightly effer- 
vescent; mildly alkaline; gradual smooth 
boundary. 

B22—23 to 27 inches; light olive gray (5Y 6/2) 
light clay loam; distinct light olive 
brown (2.5Y 5/6) mottles; weak me- 
dium subangular blocky structure; fri- 
able; few fine dark accumulations 
(oxides); mildly alkaline; gradual 
smooth boundary. 

IIB3—27 to 34 inches; light olive gray (5Y 6/2) 
clay loam; few fine distinct light olive 
brown (2.5Y 5/6) mottles; weak me- 
dium subangular blocky structure; fri- 


able; very few dark accumulations 
(oxides); neutral; abrupt smooth 
boundary. 


IIC1—34 to 38 inches; mixed light olive gray 
(5Y 6/2) and strong brown (7.5YR 5/8) 
medium clay loam; weak medium sub- 
angular blocky structure; firm; few fine 
and medium dark accumulations (ox- 
ides); strongly effervescent; moderately 
alkaline; clear smooth boundary. 

IIC2—38 to 65 inches; mixed yellowish brown 
(10YR 5/6) and olive gray (5Y 5/2) 
heavy clay loam; massive; firm; few 
small pebbles; few. fine dark accumula- 
tions (oxides); strongly effervescent; 
moderately. alkaline. 

The A horizon is black (10YR 2/1) or very dark 
gray (10YR 3/1) heavy loam, light to medium clay 
loam, or light silty clay loam that has a high content 
of sand. It is 14 to 24 inches thick. Mottles are not 
present in some pedons. The B horizon is commonly 
dark olive gray (BY 3/2), olive (5Y 4/3 or 5Y 5/3), 
olive gray (5Y 5/2), light olive gray (5Y 6/2), or gray 
(BY 4/1). It is heavy loam or light .to medium clay 
loam that formed in material derived from erosional 
sediments. In places the lower part of this horizon is in 
matter that formed in glacial till and is medium to 
heavy clay loam. The B horizon is 10 to 24 inches thick. 
The C horizon is light olive gray (5Y 6/2), strong 
brown (7.5YR 5/8), yellowish brown (10YR 5/4 or 
5/6), or olive gray (5Y 4/2 or 5/2) heavy loam to 
medium clay loam. . 

The upper part of the profile is thicker than is de- 
fined in the range of the Letri series, and carbonates 
are leached deeper. These differences do not have a 
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ene effect on the use and behavior of these 
soils, 

_Letri and Sac. soils formed in similar parent mate- 
rial. Letri soils have more sand in the upper part of 
the profile than Sac soils and are poorly drained. Sac 
soils are well drained. 

397B—Letri silty clay loam, 1 to 4 percent slopes. 
This soil typically is at lower elevations than adjoin- 
ing soils. Most areas are 2 to 10 acres in size and are 
irregular in shape. 

Included with this soil in mapping are areas of 
somewhat poorly drained soils. 

The main management concern is wetness, but 
maintaining good tilth is also a concern. This soil is 
well suited to cultivated crops if the soil is adequately 
drained. It is generally farmed with areas of soils that 
are better drained. Undrained areas are better suited 
to pasture. Capability unit IIw-1. 


Marcus series 


The Marcus series consists of poorly drained, nearly 
level soils in drainageways. These soils formed in mod- 
erately fine textured loess. The native vegetation was 
tall grasses and some sedges. 

_In a representative profile the surface layer is black 
silty clay loam about 15 inches thick. The subsoil is 
silty clay loam about 25 inches thick; the upper part 
is very dark gray, the middle part is dark gray, and 
the lower part is olive gray. The underlying material 
is olive gray silt loam that has distinct mottles. 

Permeability is moderately slow, and available wa- 
ter capacity is high. The rooting zone is deep, but in 
wet seasons it is restricted by a high water table. 
Organic matter content is high. 

Marcus soils are generally used for cultivated crops. 
Inadequately drained areas are used for pasture. 

Representative profile of Marcus silty clay loam, 0 
to 2 percent slopes, in a cultivated field, 480 feet east 
and 775 feet north of the southwest corner of SE14, 
of sec. 2, T. 88 N., R. 38 W.: 

Ap—0 to 8 inches; black (N 2/0) heavy silty 
clay loam; cloddy; firm; neutral; abrupt 
smooth boundary. 

A12—8 to 11 inches; black (BY 2/1) heavy silty 
clay loam; moderate fine granular and 
very fine subangular blocky structure; 
firm; neutral; gradual smooth boundary. 

A8—11 to 15 inches; black (BY 2/1) heavy silty 
clay loam; few fine faint olive brown 
(2.5Y 4/4) mottles; moderate fine 
granular and very fine subangular 
smooth boundary. 

B1—15 to 18 inches; very dark gray (BY 3/1) 
heavy silty clay loam, common fine dis- 
tinct olive gray (5Y 5/2) mottles: weak 
fine to medium prismatic structure part- 
ing to moderate very fine subangular 
blocky; friable; mildly alkaline; clear 
smooth boundary. 

B21—18 to 24 inches; dark gray (BY 4/1) medium 
silty clay loam; few fine distinct olive 
brown (2.5Y 4/4) mottles and olive 
gray (5Y 5/2) mottles; weak fine pris- 


matic structure parting to moderate very 
fine subangular blocky; friable; mildly 
alkaline; gradual smooth boundary. 

B22—24 to 32 inches; olive gray (5Y 5/2) light to 
medium silty clay loam; many fine dis- 
tinct light olive brown (2/5Y 5/4) mot- 
tles and few fine distinct yellowish brown 
(10YR 5/6) mottles; weak medium pris- 
matic structure parting to weak fine 
subangular blocky; friable; mildly alka- 
line; gradual smooth boundary. ; 

B3—832 to 40 inches; olive gray (5Y 5/2) light 
silty clay loam; common medium distinct 
yellowish brown (10YR 5/6) mottles; 
weak medium prismatic structure parting 
to weak medium and fine subangular 
blocky; friable; few soft dark accumula- 
tions (oxides) ; mildly alkaline; gradual 
smooth boundary. . 

C—40 to 60 inches; olive gray (5Y 5/2) heavy silt 
loam; few medium distinct yellowish 
brown (10YR 5/6) mottles; weak coarse 
prismatic structure; friable; few fine 
lime concretions; large dark and reddish 
accumulations (oxides); strongly effer- 
vescent ; moderately alkaline. 

The A horizon is slightly acid or neutral and is 14 to 
24 inches thick. The B horizon is neutral or mildly alka- 
line and is 16 to 30 inches thick. It is dominantly very 
dark gray (5Y 3/1) or dark gray (5Y 4/1) in the 
upper part and gray (5Y 5/1) or olive gray (5Y 5/2) 
in the lower part. The C horizon commonly is silt loam 
or light silty clay loam, but in a few places it is loam or 
clay loam. It is dominantly gray (5Y 5/1) or olive gray 
(5Y 5/2) and generally has higher chroma mottles. 

Marcus, Primghar, and Afton soils formed in similar 
parent material. Marcus soils are more poorly drained 
than Primghar soils and have a thinner A horizon than 
Afton soils. 

92——Marcus silty clay loam, 0 to 2 percent slopes. 
This soil commonly is in drainageways. Most areas are 
2 to 10 acres in size and are long and narrow in shape. 
In places very dark gray overwash overlies the original 
black surface layer. 

The main management concern is wetness. Excess 
water from adjoining soils runs onto this soil. Main- 
taining good tilth is a concern. This soil is well suited 
to cultivated crops if drainage is adequate. Tile drain- 
age normally is used. Undrained areas are better suited 
7 pasture than to cultivated crops. Capability unit 

wl. ‘ 


Marsh 


354——Marsh is covered by water most of the time. 
Typically, the soil material is moderately fine textured. 
In Marsh near Blackhawk Lake, the upper few feet is 
generally moderately fine textured, but the underlying 
material is stratified with moderately coarse textured 
and coarse textured material. 

Most areas of Marsh are designated as game refuges 
or public grounds for aquatic wildlife. These areas are 
suited to aquatie wildlife. Capability unit VIIw-1. 
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Marshall series 


The Marshall series consists of well drained, gently 
sloping to strongly sloping soils on uplands. These soils 
formed in loess. The native vegetation was tall prairie 
grasses. 

In a representative profile the surface layer is very 
dark brown and very dark grayish brown silty clay 
loam about 12 inches thick. The subsoil is silty clay 
loam about 55 inches thick. The upper part is dark 
brown, the middle part is brown, and the lower part 
is dark yellowish brown. The underlying material is 
yellowish brown silt loam. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic mat- 
ter content is moderate to low depending on the extent 
of erosion. 

Marshall soils are used mainly for cultivated crops. 

Representative profile of Marshall silty clay loam, 
2 to 5 percent slopes, in a cultivated field, 390 feet 
north and 110 feet west of the southwest corner of 
NW1,NEI,, of sec. 36, T. 86 N., R. 37 W.: 

Ap—0 to 7 inches; very dark brown (10YR 2/2) 
light silty clay loam; weak fine granular 
and very fine subangular blocky struc- 
ture; friable; slightly acid; abrupt 
smooth boundary. 

A12—7 to 12 inches; very dark grayish brown 
(10YR 3/2) light silty clay loam; very 
dark brown (10YR 2/2) coats on peds; 
weak fine granular and very fine sub- 
angular blocky structure; friable; me- 
dium acid; gradual smooth boundary. 

B1—12 to 23 inches; dark-brown (10YR 3/38); 
very dark grayish brown (10YR 3/2) 
coats on peds; light silty clay loam; 
weak fine subangular blocky structure; 
friable; medium acid; gradual- smooth 
boundary. 

B21—23 to 29 inches; brown (10YR 4/3) me- 
dium silty clay loam; dark brown 
(1LOYR 3/3) coats on peds; weak fine 
and very fine subangular blocky struc- 
ture; friable; slightly acid; gradual 
smooth boundary. 

B22—-29 to 36 inches; brown (10YR 4/3) me- 


dium silty clay loam; weak fine and very | 


fine subangular blocky structure; fria- 
ble; thin discontinuous coats on peds; 
neutral; gradual smooth boundary. 

B23—36 to 45 inches; dark yellowish brown 
(10YR 4/4) light silty clay loam; weak 
fine subangular blocky structure; fria- 
ble; few soft dark accumulations (ox- 
ides) ; in pores; neutral; gradual smooth 
boundary. 

B31—45 to 56 inches; dark yellowish brown 
(10YR 4/4) light silty clay loam; few 
fine olive gray (5Y 5/2) mottles; weak 
fine prismatic structure; friable; many 
very fine dark accumulations (oxides) ; 
few fine red accumulations (oxides) ; 
neutral; gradual smooth boundary. 

B32—56 to 67 inches; dark yellowish brown 
(10YR 4/4) light silty clay loam; com- 


mon medium olive gray (5Y 5/2) mot- 
tles; weak fine prismatic structure; 
friable; many fine dark accumulations 
(oxides) ; common very fine red accumu- 
lations (oxides); neutral; gradual 
smooth boundary. j 

C—67 to 85 inches; yellowish brown (10YR 5/4) 
heavy silt loam; few medium olive gray. 
(5Y 5/2) mottles; massive; friable com- 
mon fine dark accumulations (oxides) ; 
few fine red accumulations (oxides) ; 


neutral. 
’ The A horizon is black (10YR 2/1) to very dark 
grayish brown (10YR 3/2) and is 10 to 20 inches thick 
unless eroded. The B horizon is 25 to 60 inches thick. 
The C horizon is brown (10YR 4/3), dark yellowish 
brown (10YR 4/4), or yellowish brown (10YR 5/4) 
light silty clay loam or silt loam. 

Because of erosion, mapping unit 9D3 has a thinner 
dark colored surface layer than is defined in the range 
of the Marshall series. 

Marshall and Monona soils formed in similar parent 
material. Marshall soils have a thicker, slightly finer 
textured solum than Monona soils. 

9B—Marshall silty clay loam, 2 to 5 percent slopes. 
This soil is typically on ridgetops. Areas of this soil 
are 100 to 600 feet wide and 14 to 14 mile long. This soil 
has the profile described as representative of the series. 
The surface layer has 8 to 4 percent organic matter, 
and the total content of the profile is about 80 tons 
per acre. 

Included with this soil in mapping are areas of mod- 
erately eroded Marshall soils. 

This soil has a moderate erosion hazard. It is well 
suited to cultivated crops if erosion is controlled. Main- 
taining good tilth is not a major management concern. 
However, timely field operations are important be- 
cause of the high clay content in the surface layer. 
Capability unit Ie-1. 

9B2—Marshall silty clay loam, 2 to 5 percent slopes, 
moderately eroded. Most areas of this soil are on ridge- 
tops. Areas are about 100 to 400 feet wide and 14 to % 
mile long. This soil has a very dark grayish brown plow 
layer that is mixed with some material from the dark 
brown subsoil in most places. It has 2 to 3 percent 
organic matter, and the total content is about 45 tons 
per acre, most of which is in the plow layer. 

This soil has a moderate erosion hazard. It is well 
suited to cultivated crops if erosion is controlled. Be- 
cause this soil mainly is on narrower, slightly more 
convex ridgetops than other gently sloping Marshall 
soils, it tends to erode more readily. The low content 
of organic matter and the presence of subsoil material 
in the plow layer reduce infiltration, thus increasing 
the amount of runoff and increasing the hazard of 
erosion. Capability unit IIe-1. 

9C—Marshall silty clay loam, 5 to 9 percent slopes. 
Most areas of this soil are on side slopes. They are 
irregular in shape and are about 5 to 40 acres in size. 
Some areas are in bowl-shaped positions around the 
heads of drainageways where slopes are straight or 
slightly concave. The surface layer is very dark gray- 
ish brown and is 8 to 10 inches thick. It has 3 to 4 
percent organic matter, and the total content of the 
profile is about 80 tons per acre. 
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Included with this soil in mapping are areas of 
somewhat poorly drained and poorly drained soils in 
narrow hillside drainageways. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. Maintaining 
good tilth is not a major management concern. How- 
ever, timely field operations are important because of 
the high clay content in the surface layer. Capability 
unit IIIe-1. 

9C2—Marshall silty clay loam, 5 to 9 percent slopes, 
moderately eroded. Most areas of this soil are on side 
slopes. Areas are 500 to 1,000 feet wide. Many ‘areas 
extend for ‘several miles along the contour of the land- 
scape. The surface layer is a very dark grayish brown 
plow layer that is partly mixed with material from 
the dark brown subsoil in many places. It has 2 to 3 


percent organic matter, and the total content of the | 


profile is about 40 tons per acre, most of which is in 
the plow layer. ; 

Included with this soil in mapping are areas of se- 
verely eroded Marshall soils and small areas of Ida 
ae which are shown on the map with special sym- 

ols. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. This soil has 
slopes that are mainly slightly steeper and more con- 
vex than those of less eroded Marshall soils; therefore, 
runoff and the erosion hazard are increased. Also, the 
loss of organic matter and the mixing of the subsoil 
and the plow layer tend to reduce infiltration and in- 
crease runoff. It is more difficult to maintain good 
tilth on this soil than on the less eroded Marshall soils. 
Capability unit IIIe—1. 

9D2—Marshall silty clay loam, 9 to 14 percent 
slopes, moderately eroded. Most areas of this soil are 
about 5 to 20 acres in size and are irregular in shape. 
The surface layer is a very dark grayish brown plow 
layer that is partly mixed with material from the dark 
brown. subsoil in many places. It has 2 to 3 percent 
organic matter, and the total amount is about 35 tons 
per acre, most of which is in the plow layer. 

Included with this soil in mapping are small areas 
of Ida soils, which are shown on the map with a special 
symbol. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. This soil is 
generally farmed with less sloping Marshall soils, and 
management is often suited to those soils. This in- 
creases the problem of controlling erosion. Capability 
unit ITTe-2. ‘ 

9D3—Marshall silty clay loam, 9 to 14 percent 
slopes, severely eroded. Areas of this soil are about 5 to 
20 acres in size and are irregular in shape. The surface 
layer is a plow layer that is dark brown and very dark 
grayish brown and has been mixed with material from 
the subsoil. It has 1 to 2 percent organic matter, and 
the total content of the profile is about 25 tons per 
acre, most of which is in the plow layer. 

Included with this soil in mapping are small areas 
of Ida soils, which are shown on the map with a special 
symbol. 

’ This soil has a severe erosion hazard, which has 
been increased by the loss of organic matter by prior 
erosion. It is more difficult to establish a good seedbed 
on this soil than on less eroded Marshall ‘soils. Thus, 


plant cover is generally relatively sparse, infiltration 
is less, and runoff and erosion are greater. This soil 
is suited to cultivated crops if erosion is controlled, 
but some areas are used for pasture. Capability unit 
IIIe—2. 


Monona series 


The Monona series consists of well drained, strongly 
sloping and moderately steep soils on uplands. These 
soils formed in loess. Native vegetation was prairie 
grasses. ae 

In‘a representative profile the surface layer is mixed 
very dark grayish brown, dark brown, and brown silt 
loam about 4 inches thick. The subsoil is about 31 
inches thick. The upper part is brown silty clay loam, 
and the lower part is dark yellowish brown silty clay 
loam and silt loam. The underlying material is dark 
yellowish brown and yellowish brown silt loam. ; 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic mat- 
ter content is moderate to low, depending on the extent 
of erosion. ; 

Monona soils are used mainly for cultivated crops. 

Representative profile of Monona silt loam, 9 to 14 
percent slopes, severely eroded, in a cultivated field, 
300 feet west and 100 feet north of the southeast 
corner of sec. 16, T. 86 N., R. 37 W.: : 

Ap—0 to 4 inches; very dark grayish brown 
(10YR 8/2); dark brown (10YR 3/38), 
and brown (10YR 4/8) silt loam; weak 
fine granular and very fine subangular 
blocky structure; friable; neutral; 

: abrupt smooth boundary. ; ; 

B1—4 to 9 inches; brown (10YR 4/8) light silty 
clay loam; weak fine and very fine sub- 
angular blocky structure; friable; neu- 
tral; gradual smooth boundary. 

B2—9 to 22 inches; dark yellowish brown (10YR 
4/4) light silty clay loam; weak fine sub- 
angular blocky structure; friable; neu- 
tral; gradual smooth boundary. 
to 85 inches; dark yellowish brown 
(10YR 4/4) heavy silt loam; few fine 
distinct olive gray (5Y 5/2) mot- 
tles; weak medium subangular blocky 
structure; friable; few fine reddish ac- 
cumulations (oxides); few fine dark 
accumulations (oxides); neutral; grad- 
ual smooth boundary. 
to 50 inches; dark yellowish brown 
(10YR 4/4) heavy silt loam; common 
medium distinct olive gray (5Y 5/2) 
mottles; massive; friable; many fine 
dark accumulations (oxides) ; few small 
lime concretions; common fine reddish 
‘accumulations (oxides); strongly effer- 
vescent; moderately alkaline; diffuse 
smooth boundary. 

C2—50 to 72 inches; yellowish brown (10YR 
5/4) silt loam; common medium distinct 
olive gray (5Y 5/2) mottles and few 
fine distinct light gray (5Y 6/1) mot- 
tles; massive; few small soft lime ac- 
cumulations; common fine reddish 


B38—22 


C1—35 
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accumulations (oxides) ; many fine dark 
accumulations (oxides); strongly effer- 
vescent; moderately alkaline; diffuse 
smooth boundary. 

The solum is neutral or mildly alkaline. The A hori- 
zon is black (10YR 2/1) to very dark grayish brown 
(10YR 3/2) and is 10 to 18 inches thick unless eroded. 
It is generally silt loam but in places is light silty clay 
loam. The B horizon is brown (10YR 4/3) to yellowish 
brown (10YR 5/6) and is 6 to 30 inches thick. The C 
horizon is brown (10YR 4/3) to yellowish brown 
(10YR 5/6) and in most places has grayish mottles. 

The Monona soils in this county are eroded, and the 
dark colored surface layer is thinner than is defined 
in the range of the series. In places, the content of 
grayish mottles is higher in the profile than is defined 
in the range of the series. These differences do not 
ai a significant effect on the use or behavior of the 
soils. 

Monona, Ida, and Marshall soils formed in similar 
parent material. Monona soils have a B horizon, which 
Ida soils do not have, and they are coarser textured 
than Marshall soils. 

10D3—Monona silt loam, 9 to 14 percent slopes, 
severely eroded. Most areas of this soil are 2 to 10 
acres in size and are irregular in shape. This soil has 
the profile described as representative of the series. 

Included with this soil in mapping are areas of soils 
that have a thicker dark colored surface layer than 
this Monona soil. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. Sparse plant 
growth and degree of slope, however, make it difficult 
to control further erosion. Some areas are used for 
ee to reduce the erosion hazard. Capability unit 

e-2. 

10E3—Monona silt loam, 14 to 20 percent slopes, 
severely eroded. Most areas of this soil are 2 to 10 acres 
in size and are irregular in shape. . 

Included with this soil in mapping are areas of soils 
that have a thicker dark colored surface layer than 
this soil. 

This soil has a severe erosion hazard. It is suited to 
hay and pasture. It can be planted to cultivated crops 
part of the time if erosion is controlled. Sparse plant 
growth and steep slopes, however, make it difficult to 
control further erosion. Capability unit IVe-1. 


Nicollet series 


The Nicollet series consists of somewhat poorly 
drained to moderately well drained, nearly level to 
gently sloping soils on uplands. These soils formed in 
medium textured or moderately fine textured glacial 
till. The native vegetation was prairie grasses. 

In a representative profile the surface layer is black 
loam about 14 inches thick. The subsoil is clay loam or 
loam about 31 inches thick. The upper part is very 
dark grayish brown, the middle part is dark grayish 
brown, and the lower part is olive and olive brown. 
The underlying material is olive gray and yellowish 
brown loam. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic mat- 
ter content is high. 


Nicollet soils are used for cultivated crops. 

Representative profile of Nicollet loam, 1 to 3 per- 
cent slopes, in a cultivated area, 260 feet north and 
60 feet east of the southwest corner of SE14SW1, of 
sec. 8, R. 88. N., R. 35 W.: 

Ap—O to 9 inches; black (10YR 2/1) heavy loam; 
weak fine granular and very fine sub- 
angular blocky structure; friable; neu- 
tral; clear smooth boundary. 

A3—9 to 14 inches; black (10YR 2/1) heavy 
loam; some peds of grayish brown 
(10YR 3/2); weak very fine subangular 
blocky structure; friable; neutral; clear 
smooth boundary. ; 

Bi—14 to 20 inches; very dark grayish brown 
(10YR 3/2) light clay loam; some very 
dark gray (10YR 8/1) coats on peds; 
very dark grayish brown (10YR 3/2 to 
2.5Y 3/2) kneaded; weak very fine and 
fine subangular blocky structure; fri- 
able; neutral; clear smooth boundary. 

B21—20 to 27 inches; dark grayish brown (2.5Y 
4/2) clay loam; weak fine prismatic 
structure parting to weak fine subangu- 
lar blocky; friable; some dark fills on 
worm channels: thin discontinuous 
coats on faces of prisms; few very fine 
reddish accumulations (oxides); neu- 
tral; clear smooth boundary. 

B22—27 to 37 inches: dark grayish brown (2.5Y 
4/2) and olive brown (2.5Y 4/4) heavy 
loam; weak fine prismatic structure 
parting to weak fine subangular blocky; 
friable; thin discontinuous clay films on 
faces of prisms; few very fine dark and 
reddish accumulations (oxides); mildly 
alkaline; clear smooth boundary. ; 

B3—37 to 45 inches; olive (5Y 5/3) and olive 
brown (2.5Y 5/4) heavy loam; many 
fine distinct olive (2.5Y 5/6) mottles; 
weak fine prismatic structure parting to 
weak fine subangular blocky; friable; 
few fine dark and reddish accumula- 
tions (oxides); mildly alkaline; abrupt 
smooth boundary. 

C—45 to 69 inches; olive gray (5Y 5/2) and yel- 
lowish brown (10YR 5/6) heavy loam; 
massive; friable; common fine dark 
and reddish accumulations (oxides) ; 
strongly effervescent; moderately alka- 
line; gradual smooth boundary. 

The solum is dominantly medium acid to neutral, 
but it ranges to mildly alkaline in the lower part of 
some pedons. The A horizon is light clay loam or loam 
10 to 18 inches thick. The B horizon is loam or clay 
loam. The C horizon is commonly dark grayish brown 
(2.5Y 4/2), light olive brown (2.5Y 5/4), olive gray 


_(5Y 5/2), or yellowish brown (10YR 5/6). Typically, 


colors are mixed or stratified. 

Nicollet, Webster, and Clarion soils formed in simi- 
lar parent material. Nicollet soils are better drained 
than Webster soils. They are not so well drained and 
in places are finer textured than Clarion soils. 

55—Nicollet loam, 1 to 3 percent slopes. Areas of 
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this soil are 2 to 40 acres or more in size and are 
irregular in shape. 

This soil has no major limitations, but runoff from 
the gently sloping areas can cause rilling. This soil is 
well suited to cultivated crops. Tile drainage is used in 
places to speed drying, especially where this soil is ad- 
jacent to poorly drained soils. Capability unit I-1. 


Nishna series 


The Nishna series consists of poorly drained, nearly 
level soils on bottom lands. These soils formed in mod- 
erately fine textured and fine textured alluvium. The 
native vegetation was sedges and swamp grasses. 

In a representative profile this soil is black silty 

clay loam and silty clay to a depth of about 48 inches. 
The underlying material is very dark gray silty clay 
loam. The soil is calcareous throughout. 
_ Permeability is slow, and available water capacity 
is moderate. The rooting zone is somewhat restricted 
by the clayey texture and by a high water table. Or- 
ganic matter content is high. : 

Nishna soils are used mostly for pasture, but ade- 
quately drained areas are used for cultivated crops. 

Representative profile of Nishna silty clay loam, 0 
to 2 percent slopes, in a pasture, 520 feet west and 360 
feet south of the northeast corner of the NWI14NW1, 
of sec. 28, T. 86 N., R. 87 W.: 

Ap—0 to 7 inches; black (N 2/0) heavy silty 
clay loam; cloddy; friable; few dark 
very fine accumulations (oxides); 
weakly effervescent; mildly alkaline; 
abrupt smooth boundary. 

A12—7 to 18 inches; black (N 2/0) light silty 
clay; moderate fine granular and mod- 
erate very fine subangular blocky 
structure; firm; few very fine dark accu- 
mulations (oxides); strongly efferves- 
cent; moderately alkaline: gradual 
smooth boundary. 

A13—18 to 32 inches; black (5Y 2/1) light silty 
clay; moderate very fine subangular 
blocky structure; firm; few fine dark 
accumulations (oxides); weakly effer- 
vescent; mildly alkaline; gradual 
smooth boundary. 

Bg—82 to 48 inches; black (SY 2/1) light silty 
clay ; weak fine prismatic structure part- 
ing to moderate very fine subangular 
blocky ; firm ; few very fine dark accumu- 
lations (oxides) ; weakly effervescent; 
mildly alkaline; gradual smooth bound- 


ary. 

Cg—48 to 60 inches; very dark gray (5Y 3/1) 
silty clay loam; weak fine prismatic 
structure parting to weak very fine sub- 
angular blocky; firm; few very fine dark 
accumulations (oxides); weakly effer- 

_vescent; mildly alkaline. 

The A horizon is heavy silty clay loam or light silty 
clay 24 to 36 inches thick. The B horizon, if present, 
is black (N 2/0 or 5Y 2/1) or very dark gray (N 3/0 
or 5Y 3/1) silty clay 4 to 16 inches thick. The C hori- 
zon is medium to heavy silty clay loam or silty clay. 

Nishna, Zook, and Calco soils formed in similar 


parent material. Nishna soils are calcareous through- 
out; Zook soils are noncalcarous in the solum. Nishna 
soils are more clayey than Calco soils. 

234—Nishna silty clay loam, 0 to 2 percent slopes. 
This soil is next to a sluggish stream or in slack water 
areas of other streams. Areas are generally long and 
narrow and adjoin areas of other nearly level soils on 
bottom lands. Most areas are 2 to 20 acres in size, but 
a few are much larger. 

Included with this soil in mapping are areas of soils 
that are calcareous only in the surface layer. 

The main management concern is wetness. This soil 
is well suited to cultivated crops if drainage is ade- 
quate and if flooding is controlled. Maintaining good 
tilth is difficult because of the high clay content and 
wetness. A high content of lime reduces the availabil- 
ity of phosphorus and some other plant nutrients. Un- 
drained and unprotected areas are better suited to 
pasture than to cultivated crops. Capability unit 
TIw-2. 


Okoboji series 


The Okoboji series consists of very poorly drained 
soils in depressions on uplands. These soils formed in 
moderately fine textured and fine textured glacial sed- 
iment. The native vegetation was marshgrasses, 
sedges, and other water-tolerant grasses. : 

In a representative profile the surface layer is.about 
81 inches thick. It is black silty clay loam in the upper 
24 inches and black silty clay in the lower 7 inches. 


. The subsoil is very dark gray, dark gray, and olive 


gray silty clay loam 29 inches thick. 

Permeability is moderately slow, and available 
water capacity is high. The rooting zone is deep, but 
in wet seasons it is restricted by a high water table. 
Organic matter content is high. ; 

Okoboji soils are generally used for cultivated crops, 
but undrained areas are better suited to pasture or 
wildlife habitat. : 

Representative profile of Okoboji silty clay loam, 0 
to 1 percent slopes, in a cultivated area, 200 feet east 
and 250 feet north of the southwest corner of the 
NW1,SW1, of sec. 8, T. 86 N., R. 35 W.: ; 

Ap—0O to 10 inches; black (N 2/0) heavy silty 
clay loam; cloddy; friable; mildly alka- 
line; abrupt smooth boundary. 

A12—10 to 16 inches; black (N 2/0) heavy silty 
clay loam; weak very fine and fine sub- 
angular blocky structure; firm; mildly 
alkaline; gradual smooth boundary. 

A13—16 to 24 inches; black (5Y 2/1) heavy silty 
clay loam; moderate fine and weak very 
fine subangular blocky structure; friable; 
mildly alkaline; gradual smooth bound- 


ary. ; 

A8—24 to 31 inches; black (SY 2/1) light silty 
clay; weak fine prismatic structure part- 
ing to moderate fine subangular blocky; 
friable; thin continuous shiny surfaces 
on faces of peds; mildly alkaline; grad- 
ual smooth boundary. 

Blg—31 to 89 inches; very dark gray (5Y 3/1) 
heavy silty clay loam; weak fine pris- 
matic structure parting to weak fine sub- 
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angular blocky; friable; thin continuous 
shiny surfaces on faces of peds; mildly 
alkaline; gradual smooth boundary. 
B2g--39 to 49 inches; very dark gray (5Y 3/1) 
heavy silty clay loam; weak fine pris- 
matic structure parting to weak fine 
subangular blocky; friable; thin con- 
tinuous shiny surface on faces of prism; 
mildly alkaliné; gradual smooth bound- 


ary. 
B8g—49 to 60 inches; dark gray (5Y 5/4) 
olive gray (5Y 5/2) heavy silty clay 
loam; common fine faint olive (5Y 5/4) 
mottles and light olive brown (2.5Y 
5/4) mottles; weak fine prismatic struc- 

ture; friable; mildly alkaline. 

The solum is slightly acid to mildly alkaline. The A 
horizon is generally heavy silty clay loam, but in places 
it is light silty clay. It is more than 25 inches thick. 
The B horizon is black (SY 2/1) to olive gray (5Y 
5/2) and is generally heavy silty clay loam, but in 
places it is silty clay. It ranges from a few inches 
thick to several feet in thickness. 

Okoboji, Lanyon, and Wacousta soils formed in simi- 
lar parent material. Okoboji soils have a thicker solum 
than Lanyon and Wacousta soils. In places, Okoboji 
soils are not so fine textured as Lanyon soils. They are 
finer textured than Wacousta soils. 

6—Okoboji silty clay loam, 0 to 1 percent slopes. 
This soil is in depressions. Most areas are 2 to 20 acres 
in size and are irregular in shape. 

Included with this soil in mapping are areas of soils 
that are similar to this Okoboji soil but are calcareous. 
Also included are areas of soils that have a surface 
layer of mucky silt loam. 

The main management concern is wetness. This soil 
is suited to cultivated crops if drainage is adequate 
and if flooding or ponding is controlled. Maintaining 
good tilth is difficult. This soil is cultivated with areas 
of surrounding soils, and it often is inadequately 
dried when cultivated. Areas with no artificial drain- 
age are generally better suited to wildlife habitat than 
to cultivated crops. This soil can also be used for pas- 
ture if ponding is controlled. Capability unit IIIw-1. 


Palms series 


The Palms series consists of very poorly drained 
soils in depressions on uplands. These soils formed in 
decayed organic matter and in the underlying moder- 
ately fine textured glacial sediment. The native vege- 
tation was marshgrasses, reeds, and sedges. 

In a representative profile the organic layer is black 
or very dark gray muck about 24 inches thick. The 


subsoil is a black or very dark gray silty clay loam. 


about 13 inches thick. The underlying material is olive 
gray, gray, and light olive brown silty clay loam. 

Permeability is moderate in the organic layer and 
moderately slow to slow in the subsoil and underlying 
material. Available water capacity is high. The rooting 
zone is deep but in wet seasons is restricted by a high 
water table. 

Palms soils are generally used for cultivated crops or 
pasture, but undrained areas are better suited to pas- 
ture or wildlife habitat. 
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Representative profile of Palms muck, 0 to 1 percent 
slopes, in a pasture, 400 feet south and 75 feet east 
of the northwest corner of the SW14SW1,, of sec. 16, T. 
‘87 N., R. 36 W.: 

Oap—0 to 6 inches; black (N 2/0) muck (sapric 
material) ; very dark gray (10YR 3/1) 
dry; common medium faint dark reddish 
brown (5YR 3/3) mottles; weak fine 
subangular blocky structure; friable; 
mildly alkaline; abrupt smooth bound- 


ary. 

Oa1—6 to 12 inches; black (5Y 2/1) muck (saprie 
material) ; very dark gray (10YR 3/1) 
rubbed moist; dark brown (7.5YR 3/2) 
rubbed dry; common medium distinct 
dark brown (7.5YR 3/2) mottles; weak 
medium platy structure; friable; 1 inch 
strata of black (10YR 2/1) moist; many 
white lime flecks; strongly effervescent ; 
moderately alkaline; abrupt smooth 
boundary. 

Oa2—-12 to 16 inches; very dark gray (10YR 3/1) 
muck (sapric material) ; very dark gray- 
ish brown (2.5Y 8/2) dry; moderate 
thin platy structure; friable; few fine 
reddish accumulations (oxides) on 
plates; common fragments of snail 
shells; strongly effervescent except some 
strata do not effervesce; mildly alka- 
line to moderately alkaline; abrupt 
smooth boundary. 

Oa8—16 to 19 inches; very dark gray (10YR 
3/1) and light brownish gray (2.5Y 6/2) 
muck (sapric material) ; weak thin platy 
structure; friable; common fine reddish 
accumulations (oxides) on plates; com- 
mon fragments of snail shells; strongly 
effervescent ; moderately alkaline ; 
abrupt smooth boundary. 

Oa4—19 to 24 inches; black (10YR 2/1) muck 
(sapric material) ; black (N 2/0) rubbed 
moist; dark gray (5Y 4/1) dry; white 
grains on plates; weak medium platy 
structure; friable; thin reddish coats in 
root channels; noncalcareous; mildly 
alkaline; abrupt smooth boundary. 

IIBig—24 to 31 inches; black (N 2/0) medium 
silty clay loam; weak fine prismatic 
structure parting to weak fine subangu- 
lar and angular blocky; firm; many thin 
reddish coats in root channels; strongly 
effervescent; moderately alkaline; clear 
smooth boundary. 

IIB2g—31 to 37 inches; very dark gray (5Y 3/1) 
medium silty clay loam; weak fine pris- 
matic structure parting to weak fine sub- 
angular and angular blocky; firm; many 
thin olive brown (2.5Y 4/4) coats in 
root channels; thin discontinuous coats 
on ped surfaces; strongly effervescent; 
moderately alkaline; clear smooth 
boundary. 

IiC1g—37 to 48 inches; olive gray (BY 5/2) and 
light olive brown (2.5Y 5/4) medium 
silty clay loam; common fine distinct 
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dark yellowish brown (10YR 4/4) mot- 
tles; weak medium prismatic structure; 
firm; dark streaks of krotovinas and or- 
ganic matter in cracks; few undecom- 
posed roots; few dark brown (7.5Y 3/2) 
coats in root channels and on faces of 
prisms; strongly effervescent; moder- 
ately alkaline; gradual smooth bound- 


ary. 

TIC2g—48 to 66 inches; gray (5Y 5/1) medium 
silty clay loam; common medium dis- 
tinct strong brown (7.5YR 4/4) mottles; 
massive; friable; dark brown (10YR 
3/8) coats in root channels in upper 
part; strongly effervescent; moderately 
alkaline. 

The organic layer is 20 to 42 inches thick. The un- 
derlying material is typically silty clay loam, but in 
places it is silt loam or clay loam. Lenses of sand are 
common. 

Palms and Blue Earth soils formed in similar parent 
material. They are very poorly drained and are in 
depressions, Palms soils have a higher organic matter 
content than Blue Earth soils. 

221—Palins muck, 0 to 1 percent slopes. This soil is 
in depressions. Most areas are 2 to 40 acres in size and 
are irregular in shape. 

Included with this soil in mapping are areas of soils 
that have a thinner organic layer than is typical for 
Palms soils. Also included are areas of soils that are 
noncaleareous in the organic layer. 

.. The main management concern is wetness. This soil 
is suited to cultivated crops if drainage is adequate 
and if flooding and ponding are controlled. Areas that 
are not adequately drained can be used for pasture. 
This soil is generally better suited to wildlife habitat 
if no artificial drainage is used. Capability unit IIIw-1. 


Primghar series 


The Primghar series consists of somewhat poorly 
drained, nearly level to gently sloping soils on uplands, 
on benches, and in drainageways. Primghar soils 
formed in 40 inches or more of loess over glacial till. 
The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is silty 
clay loam about 20 inches thick. It is black in the upper 
part and very dark gray in the lower part. The subsoil 
is dark grayish brown and olive brown silty clay loam 
about 24 inches thick. The underlying material is gray- 
ish brown, light olive brown, and olive gray silt loam 
that has yellowish brown mottles. 

Permeability is moderate to moderately slow, and 
available water capacity is high. The rooting zone is 
deep. Organic matter content is high. 

Primghar soils are mostly used for cultivated crops. 
A few areas are in pasture. 

Representative profile of Primghar silty clay loam, 
0 to 3 percent slopes, 500 feet east of the northwest 
corner of SE1, of sec. 2, T. 89 N.. R. 38 W:: 

Ap—0 to 8 inches; black (LOYR 2/1) medium to 
heavy silty clay loam; cloddy; moderate 
medium angular blocky structure in the 
lower inch; friable; neutral; abrupt 
smooth boundary. 


A12—8 to 15 inches; black (10YR 2/1) heavy 
silty clay loam; moderate very fine gran- 
ular and subangular blocky structure; 
firm; neutral; gradual smooth boundary. 

A8—15 to 20 inches; very dark gray (10YR 3/1) 
heavy silty clay loam; many peds of 
very dark grayish brown (10YR 3/2); 
moderate very fine subangular blocky 
structure; firm; neutral; clear smooth 
boundary. ; , 

Bi—20 to 24 inches; dark grayish brown (2.5Y 
4/2) heavy silty clay loam; very dark 
grayish brown (10¥R 3/2) and very 
dark gray (10YR 8/1) coatings on peds; 
moderate fine subangular blocky struc- 
ture; friable; neutral; clear smooth 
boundary. 

B21—24 to 81 inches; olive brown (2.5Y 4/4) 
medium silty clay loam; few fine distinct 
yellowish brown (10YR 5/6 and 5/8) 
mottles; very dark grayish brown (2.5Y 
8/2) and very dark gray (2.5Y 3/1) 
coatings on peds; weak medium pris- 
matic structure parting to weak fine 


subangular blocky; friable; neutral; 
gradual. smooth boundary. . 
B22-—-31 to 38 inches; olive brown (2.5Y 4/4) 


medium silty clay loam; few fine distinct 
yellowish brown (10YR 5/6) mottles; 
weak medium prismatic structure part- 
ing to weak medium subangular blocky; 


friable; few fine dark accumulations 
(oxides); neutral; gradual smooth 
boundary. 


B3—38 to 44 inches: olive brown (2.5Y 4/4) light 
silty clay loam; few fine distinct yellow- 
ish brown (10YR 5/6) mottles and few 
fine distinct gray (5Y 5/1) mottles; 
weak medium prismatic structure part- 
ing to weak medium subangular blocky; 
friable; mildly alkaline; abrupt smooth 
boundary. 

C1—44’ to 50 inches; grayish brown (2.5Y 5/2) 
and light olive brown (2.5Y 5/4) silt 
loam; many fine distinct yellowish 
brown (10YR 5/6) -mottles; weak coarse 
prismatic structure; friable; strongly 
effervescent; moderately alkaline; dif- 
fuse smooth boundary. ; 

C2—50 to 64 inches; olive gray (5Y 5/2), grayish 
brown (2.5Y 5/2), yellowish brown 
(10YR 5/6), and light olive brown (2.5Y 
5/4) silt loam; massive: friable: strongly 
effervescent; moderately alkaline. : 

The A horizon is 16 to 22 inches thick. The B hori- 
zon is 14 to 30 inches thick. Grayish mottles are in the 
B2 horizon in places. The C horizon generally is light 
silty clay loam-or silt loam, but in places it is loam or 
clay loam. Areas on low benches have sand and some 
gravel in the C horizon. a 

Primghar, Galva, and Marcus soils formed in simi- 
lar parent material. Primghar soils are less well 
drained than Galva soils and are better drained than 
Marcus soils. 

91—Primghar silty clay loam, 0 to 3 percent slopes. 
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This nearly level soil is in convex or plane, irregularly 
shaped areas on uplands and benches and in nearly 
level to gently sloping, concave, narrow and elongated 
areas in drainageways. Normally, the areas in the 
drainageways are adjacent to areas of sloping, well 
drained soils. Most areas of this soil are 2 to 20 acres 
in size. 

Included with this soil in mapping are areas of 
poorly drained soils in the center of the drainageways. 

This soil has no major limitations to use, but runoff 
from the more sloping adjoining soils can cause rilling 
and wetness in the drainageways and on the benches. 
This soil is well suited to cultivated crops. The sand 
and gravel that underlie areas of this soil on benches 
are a limitation for the development of dwellings, 
landfills, or other such uses. Capability unit I-1. 


Rolfe series 


The Rolfe series consists of very poorly drained, 
nearly level soils on uplands and on benches. These 
soils formed in glacial sediment and glacial till. The 
native vegetation was prairie grasses, marshgrasses, 
and water-tolerant sedges. 

In a representative profile the surface layer is black 
loam about 10 inches thick. The subsurface layer is 
very dark gray, dark gray, and gray silt loam about 
7 inches thick. The subsoil is 48 inches thick. It is 
dark gray clay in the upper 10 inches and olive gray 
clay and clay loam in the lower 38 inches. 

Permeability is slow, and available water capacity 
is high. The rooting zone is somewhat restricted by 
the clay subsoil, and during wet seasons it is restricted 
by a high water table. The organic matter content is 
moderate. 

Rolfe soils are used for cultivated crops if the soil is 
adequately drained. Undrained areas are used for 
pasture or for aquatic wildlife habitat. 

Representative profile of Rolfe loam, 0 to 1 percent 
slopes, in a cultivated area, 100 feet south and 125 
feet west of the northeast corner of NWY%4,NE'% of 
sec. 11, T. 88 N., R. 36 W.: 

Ap—0 to 10 inches; black (10YR 2/1) loam; 
weak very fine and fine subangular 
blocky structure; friable; slightly acid; 
abrupt smooth boundary. 

A21—10 to 18 inches; very dark gray (10YR 3/1) 
silt loam; common fine distinct yellow- 
ish brown (10YR 5/6) mottles; weak 
thin platy structure parting to weak 
very fine subangular blocky; friable; 
slightly acid; clear smooth boundary. 

A22—18 to 17 inches; dark gray (10YR 4/1) and 
gray (10YR 5/1) silt loam; common 
fine distinct light olive brown (2.5Y 
5/4) mottles; weak medium platy struc- 
ture; friable; slightly acid; abrupt 
smooth boundary. 

B21gt—17 to 27 inches; dark gray (5Y 4/1) light 
clay; many very dark gray (5Y 3/1) 
and few black (5Y 2/1) coatings on 
peds; moderate very fine and fine sub- 
angular blocky structure; thick clay 
films on peds; firm; common fine red- 
dish accumulations (oxides); slightly 


acid; clear smooth boundary. 

B22—27 to 37 inches; olive.gray (5Y 4/2 and 
5/2) light clay; moderate fine subangu- 
lar blocky structure; firm; thin discon- 
tinuous clay films; common fine reddish 
accumulations (oxides); slightly acid; 
clear smooth boundary. 

B31—37 to 47 inches; olive gray (5Y 4/2 and 
5/2) heavy clay loam; few fine distinct 
olive (5Y 5/4) mottles; weak fine sub- 
angular blocky structure; firm; black 
(10YR 2/1) coats in root channels; 
few fine reddish and dark accumulations 
(oxides); slightly acid; clear smooth 
boundary. : 

B32—47 to 65 inches; olive gray (5Y 5/2) light 
clay loam; many medium prominent 
strong brown (7.5YR 5/8) mottles; 
weak fine subangular blocky structure; 
friable; common fine reddish and dark 
accumulations (oxides); dark coats in 
root channels; slightly acid; clear 
smooth boundary... 

The solum is medium acid or slightly acid in the 
most acid part. The A horizon is black (10YR 2/1) 
or very dark gray (10YR 3/1) loam, silt loam, or 
light silty clay loam 6 to 10 inches thick. The A2 
horizon is very dark gray (10YR 3/1), dark gray 
(10YR 4/1), or gray (1OYR 5/1) loam or silt loam 
4 to 8 inches thick. The B horizon is generally 20 to 
36 inches thick but in places is as thick as 54 inches. 
The upper part of the B horizon is very dark gray 
(10YR 3/1 or 5Y 3/1) to olive gray (5Y 5/2) clay 
or silty clay. The lower part is dark gray (5Y 4/1), 
gray (BY 5/1), or olive gray (5Y 4/2 or 5/2) clay 
loam or loam. . : 

Rolfe and Webster soils formed from similar parent 
material. Rolfe soils have an A2 horizon, which Web- 
ster soils do not have, and they have a more clayey B 
horizon than Webster soils. 

274.—Rolfe loam, 0 to 1 percent slopes. This soil is 
in depressions and is surrounded by areas of soils that 
are better drained. Most areas of this soil are 2 to 5 
acres in size and are irregular in shape. ; 

Ineluded with this soil in mapping are areas of soils 


_ that do not have the distinct subsurface layer typical 


of this Rolfe soil. 

The main management coneern is wetness. This soil 
is suited to cultivated crops if drainage is adequate 
and if flooding or ponding is controlled. Deep cuts are 
commonly needed for outlets for tile or open ditches. 
If the soil is inadequately drained, cultivated crops 
drown out or are stunted during wet seasons. Capa- 
bility unit IIIw-1. 


Sac series 


The Sac series consists of well drained, gently slop- 
ing to moderately sloping soils on uplands. These soils 
formed in 20 to 40 inches of loess and in the under- 
lying glacial till. The native vegetation was tall prairie 
grasses. 

In a representative profile the surface laver is black, 
very dark gray, and very dark grayish brown silty 
clay loam about 14 inches thick. The subsoil is about 


SAC COUNTY, IOWA 39 


19 inches thick. It is brown silty clay loam in the 
upper part and yellowish brown clay loam in the lower 
aka The underlying material is yellowish brown clay 
oam. 

_ Permeability is moderate, and available water capa- 
city is high. The rooting zone is deep. Organic matter 
content is moderate to low, depending on the extent of 
erosion. 

Sac soils are generally used for cultivated crops. 

Representative profile of Sac silty clay loam, clay 
loam substratum, 2 to 5 percent slopes, in a cultivated 
field, 350 feet west and 350 feet north of the southeast 
corner of SWI4SE', of sec, 14, T. 88 N., R. 88 W.: 

Ap—0 to 8 inches; black (10YR 2/1) to very 
dark gray (10YR 3/1) silty clay loam; 
weak fine granular and weak fine sub- 
angular blocky structure; friable; 
slightly acid; abrupt smooth boundary. 

A3—8 to 14 inches; very dark grayish brown 
(10YR 3/2) silty clay loam; dark brown 
(10YR 3/3) ped faces; few fine distinct 
brown (10YR 4/3) peds; moderate fine 
subangular blocky structure; friable; 
slightly acid; clear smooth boundary. 

Bi—14 to 21 inches; brown (10YR 4/3) silty clay 
loam; few discontinuous dark brown 
(1OYR 3/3) coatings on peds; fine sub- 
angular blocky structure; friable; neu- 
tral; gradual smooth boundary. 

B2—21 to 28 inches; brown (10YR 4/3) silty clay 
loam; weak fine subangular blocky 
structure; friable; few thin discontinu- 
ous very dark grayish brown (10YR 
3/2) coatings on peds; neutral; abrupt 
smooth boundary. 

ITB38—28 to 86 inches; yellowish brown (10YR 
5/4) clay loam; brown (10YR 4/8) 
coatings on peds; weak fine subangular 
blocky structure; firm; few reddish ac- 
cumulations (oxides) ; few small pebbles; 
thin discontinuous clay films on vertical 
faces; neutral; abrupt smooth boundary. 

IIC1—-36 to 49 inches; yellowish brown (10YR 
5/4) clay loam; few fine distinct gray 
(5Y 5/1) and many distinct yellowish 
brown (10YR 5/6) mottles and strong 
brown (7.5YR 5/8) mottles; thin nearly 
continuous brown (10YR 4/3) coatings 
on vertical faces; massive; firm; com- 
mon medium lime concretions; strongly 
effervescent; moderately alkaline; dif- 
fuse smooth boundary. 

TIC2—49 to 76 inches; yellowish brown (10YR 
5/6) clay loam; common to many strong 
brown (7.5YR 5/6 and 5/8) mottles and 
common fine distinct gray (5Y 5/1) 
mottles; massive; firm; few fine strong 
brown accumulations (oxides) ; common 
to many lime concretions; strongly ef- 
fervescent; moderately alkaline. 

The solum is medium.acid or slightly acid in the 
most acid part. The A horizon is black (10YR 2/1), 
very dark brown (10YR 2/2), or very dark gray 
(LOYR 3/1) in the upper part and is black (10YR 
2/1) to very dark grayish brown (10YR 3/2) in the 


lower part. The B horizon is brown (10YR 4/3), dark 
yellowish brown (10YR 4/4), or yellowish brown 
(1OYR 5/4 or 5/6) and is 12 to 30 inches thick. The 
IIB horizon is firm clay loam or friable loam. The 
lower part has grayish mottles in places. The C hori- 
zon is dark yellowish brown (10YR 4/4) or yellowish 
brown (10YR 5/4 or 5/6) loam or clay loam, It gen- 
erally has grayish mottles. 

Sac and Galva soils formed in similar parent ma- 
terial and are on similar landscape positions. Sac soils 
have 20 to 40 inches of loess over glacial till, but Galva 
soils have more than 40 inches. Oe 

77B—Sac silty clay loam, loam substratum, 2 to 5 

percent slopes. This soil is on ridgetops and side slopes. 
Areas are about 5 to 40 acres in size and are irregular 
in shape. This soil has a friable loam substratum. The 
surface layer has 3 to 4 percent organic matter, and 
the total content of the profile is about 90 tons per 
acre. 
Included with this soil in mapping are small areas 
of gravelly or sandy soils and soils that formed in gla- 
cial till, These areas are shown on the map with spe- 
cial symbols. 

This soil has a moderate erosion hazard. It is well 
suited to cultivated crops if erosion is controlled (fig. 
5). Maintaining good tilth is not a major management 
concern. However, timely field operations are impor- 
tant because of the high clay content in the surface 
layer. Capability unit ITe~1. 

77B2—Sac silty clay loam, loam substratum, 2 to 5 
percent slopes, moderately eroded. This soil is on ridge- 
tops and side slopes. Areas are about 5 to 30 acres in 
size and are irregular in shape. This soil has a friable 
loam substratum. The surface layer is a very dark 
grayish brown plow layer, and in many places it is 
mixed with material from the brown subsoil. The sur- 
face layer has about 2 to 8 percent organic matter, and 
the total content of the profile is about 45 tons per 
acre, much of which is in the plow layer. 

Included with this soil in mapping are small areas 
of gravelly or sandy soils and soils that formed in 
glacial till. These areas are shown on the map with 
special symbols. 

This soil has a moderate erosion hazard. It tends to 
erode more readily than the adjoining soils with which 
it is farmed, because its slopes are generally slightly 
steeper and more convex. This soil is well suited to 
cultivated crops if erosion is controlled. Loss of or- 
ganic matter and mixing of the subsoil and the plow 
layer lower the tilth of this soil. It is more difficult to 
establish a good seedbed on this soi] than on less 
eroded soils. Capability unit Ie-1. 

-77C—Sace silty clay loam, loam substratum, 5 to 9 
percent slopes. Typically this soil is on side slopes. Most 
areas are about 5 to 20 acres in size and are irregular 
in shape. This soil has a friable loam substratum. The 
surface layer is very dark brown to very dark grayish 
brown and is about 10 inches thick. It has about 3 to 
4 percent organic matter, and the total content of the 
profile is about 85 tons per acre. 

Included with this soil in mapping are small areas 
of gravelly or sandy soils and soils that formed in 
glacial till. These areas are shown on the map with 
special symbols. 

This soil has a severe erosion hazard. It is suited to 
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cultivated crops if erosion is controlled. Maintaining 
good tilth is not a major management concern, but 
timely field operations are important because of the 
high clay content in the surface layer. Capability unit 
Tile-1. 

77C2—Sace silty clay loam, loam substratum, 5 to 9 

percent slopes, moderately eroded. This soil is on side 
slopes. Areas are 5 to 100 acres or more in size. Some 
of the larger areas are a half mile or more in length. 
This soil has a friable loam substratum. The surface 
layer is a very dark grayish brown plow layer and is 
commonly partly mixed with the brown subsoil. The 
surface layer has 2 to 8 percent organic matter, and 
the total content of the profile is about 40 tons per 
acre. 
Included ‘with this soil in mapping are small areas 
of gravelly or sandy soils and soils that formed in 
glacial till. These areas are shown on the map with 
special symbols. 

This soil has a severe erosion hazard. It erodes more 
readily than the adjoining soils with which it is 
farmed, because its slopes are generally steeper and 
more convex. It is suited to cultivated crops if erosion 
is controlled. Loss of organic matter and mixing of 
material from the subsoil and the plow layer lower 
the tilth of this soil. Capability unit IITe-1. 
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Figure 5.—Grassed backslope of terrace on Sac silty clay loam, loam substratum, 2 to 5 percent slopes. 


78B—Sac silty clay loam, clay loam substratum, 2 to 
5 percent slopes. Typically this soil is on slightly ele- 
vated knolls. Most areas are 5 to 10 acres in size, but 
some are 20 to 30 acres. This soil has the profile de- 
scribed as representative of the series. The surface 
layer has 8 to 4 percent organic matter, and the total 
content of the profile is about 90 tons per acre. 

Included with this soil in mapping are small areas 
of sandy or gravelly soils and soils that formed in 
glacial till. These soils are shown on the map with 
special symbols. 

This soil has a moderate erosion hazard. It is well 
suited to cultivated crops if erosion is controlled. Care 
is needed in the construction of terraces or other struc- 
tures that require the moving of soil. The firm clay 
loam substratum is poorly suited to plant growth. Ca- 
pability unit ITe-1. 

78B2—Sac silty clay loam, clay loam substratum, 2 
to 5 percent slopes, moderately eroded. Typically this 
soil is on slightly elevated knolls. Most areas are 5 
to 10 acres in size, but some are larger. The surface 
layer is a very dark grayish brown plow layer. In 
many places it is mixed with material from the brown 
subsoil. Erosion has reduced the depth to the substra- 
tum. The surface layer has 2 to 8 percent organic 
matter, and the total content of the profile is about 
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45 tons per acre, much of which is in the plow layer. 

Included with this soil in mapping are small areas of 
gravelly or sandy soils and soils that formed in glacial 
till. These areas are shown on the map with special 
symbols. 

This soil has a moderate erosion hazard. It tends to 
erode more readily than the adjoining soils with which 
it is farmed, because its slopes are generally slightly 
steeper and more convex. It is well suited to cultivated 
crops if erosion is controlled. Loss of organic matter 
and mixing of material from the subsoil and the plow 
layer reduce the tilth of this soil. It is more difficult 
to establish a good seedbed on this soil than on less 
eroded soils. Care is needed in the construction of 
terraces or other structures that require the moving 
of soil. The firm clay loam substratum is poorly suited 
to plant growth. Capability unit Ile—1. 

78C—Sace silty clay loam, clay loam substratum, 5 to 
9 percent slopes. This soil is mainly on side slopes, but 
Some areas are on convex knolls. Areas are about 5 
to 30 acres in size. The surface layer is about 10 inches 
thick and is very dark brown to very dark grayish 
brown. It has 8 to 4 percent organic matter, and the 
total content of the profile is about 85 tons per acre. 

Included with this soil in mapping are small areas 
of gravelly or sandy soils and soils that formed in 
glacial till. These areas are shown on the map with 
special symbols. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. Maintaining 
good tilth is not a major management concern, but 
timely field operations are important because of the 
high clay content in the surface layer. Care is needed 
in the construction of terraces or other structures that 
require earthmoving. The firm clay loam substratum 
is poorly suited to plant growth. Capability unit 
TITe-1. 

78C2—Sac silty clay loam, clay loam substratum, 5 
to 9 percent slopes, moderately eroded. Most areas of 
this soil are on side slopes, but some areas are on 
knolls. Many areas are 500 to 1,000 feet wide and are 
a mile or more long. The areas on knolls typically are 
5 to 20 acres in size. The surface layer is a very dark 
grayish brown plow layer and is commonly partly 
mixed with material from the brown subsoil. It has 2 
to 3 percent organic matter, and the total content of 
the profile is about 40 tons per acre. 

Included with this soil in mapping are small areas 
of gravelly or sandy soils and soils that formed in 
glacial till. These areas are shown on the map with 
special symbols. 

This soil has a severe erosion hazard. It erodes 
more readily than the adjoining soils with which it 
is farmed, because its slopes are generally steeper and 
more convex. This soil is suited to cultivated crops if 
erosion is controlled. Loss of organic matter and mix- 
ing of material from the subsoil in the plow layer 
reduce the tilth of this soil. It is more difficult to estab- 
lish a good seedbed on this soil than on less eroded 
soils. Care is needed in the construction of terraces or 
other structures that require the moving of soil. The 
firm clay loam substratum is poorly suited to plant 
growth, Capability unit IIIe-1. 


Salida series 


The Salida series consists of excessively drained, 
moderately sloping to strongly sloping soils on uplands 
and on stream benches. These soils formed in coarse 
textured glacial drift. The native vegetation was 
prairie grasses. . 

In a representative profile the surface layer is black 
and very dark gray gravelly loamy sand about 10 
inches thick. The next layer is dark grayish brown 
gravelly loamy sand about 8 inches thick. The under- 
lying material is yellowish brown, light olive brown, 
light brownish gray, and brown gravelly sand. 

Permeability is very rapid, and available water ca- 
pacity is low. The rooting zone is restricted by depth 
to sand and gravel. Organic matter content is low. 

Salida soils are mainly used for pasture. A few 
areas of the less sloping soils are planted to cultivated 
crops. 

Repredentative profile of Salida gravelly loamy sand, 
9 to 14 percent slopes, in an idle area, 150 feet west 
and 500 feet north of ea southeast corner of NEI, of 
sec. 34, T. 86 N., R. 38 W.: 

Ap—0 to 5 inches; very dark gray (10YR 3/1) 
gravelly loamy sand; fine subangular 
blocky structure; very friable; strongly 
effervescent ; moderately alkaline; 
abrupt smooth boundary. 

A12—-5 to 10 inches; mixed black (10YR 2/1) 
and very dark gray (10YR 3/1) gravelly 
loamy sand; very weak fine subangular 
blocky structure; very friable to loose; 
strongly effervescent; moderately alka- 
line; abrupt smooth boundary. 
to 18 inches; dark grayish brown 
(10YR 4/2) gravelly loamy sand; some 
very dark grayish brown (10YR 3/2) 
peds; very weak fine subangular blocky 
structure; very friable to loose; strongly 
effervescent ; moderately alkaline; 
abrupt smooth boundary. 

C1—18 to 27 inches; yellowish brown (10YR 5/4) 
gravelly medium and coarse sand; single 


AC—10 


grained; loose; strongly effervescent; 
moderately alkaline; clear smooth 
boundary. 


C2—27 to 34 inches; light olive brown (2.5Y 5/4) 
gravelly coarse and medium sand; single 
grained ; loose; yellowish brown accumu- 
lations (oxides) at a depth of 32 to 34 
inches; strongly effervescent; moder- 
ately alkaline; abrupt smooth boundary. 

C3—34 to 60 inches; light brownish gray (2.5Y 
6/2) and brown (10YR 5/3) gravelly 
medium and coarse sand; yellowish 
brown (10YR 5/6) mottles; single 
grained; loose; strongly effervescent; 
moderately alkaline. . 

The solum is moderately alkaline and calcareous in 
most places but is neutral to mildly alkaline and non- 
calcareous in a few places. The A horizon is black 
(10YR 2/1) to very dark grayish brown (10YR 3/2) 
gravelly sandy loam or gravelly loamy sand 7 to 12 
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inches thick. The B horizon, if present, is dark brown 
(10YR 3/3) or brown (10YR 4/3) and is less than 10 
inches thick. The C horizon is gravelly loamy sand or 
gravel and has mixed colors. It is commonly brown 
(10YR 5/38), yellowish brown (10YR 5/4), pale brown 
(10YR 5/3), light olive brown (2/5Y 5/4), and light 
brownish gray (2.5Y 6/2). 

Salida and Flagler soils formed in similar parent 

material. The underlying sand and gravel are shal- 
lower in Salida soils than in Flagler soils. 
’ %3C—Salida gravelly loamy sand, 5 to 9 percent 
slopes. Most areas of this soil are 2 to 5 acres in size 
and are irregular in shape. In these areas the Salida 
soil is intermingled with soils that are better suited to 
row crops. Included with this soil in mapping are areas 
of gently sloping Salida soils. 

This soil is suited to hay or pasture. Many areas are 
farmed with areas of adjoining soils. This soil can 
be planted to cultivated crops part of the time if ero- 
sion is controlled. Practices that conserve moisture are 
needed. Stones and boulders hinder farm operations. 
It is a common practice to leave areas of this soil in 
meadow when the rest of the field is planted to row 
crops. Capability unit [Ve-2. 

73D—Salida gravelly loamy sand, 9 to 14 percent 
slopes. Most areas of this soil are 2 to 5 acres in size 
and are irregular in shape. In these areas the Salida 
soil is intermingled with soils that are better suited to 
row crops. This soil has the profile described as repre- 
sentative of the series. 

Included with this soil in mapping are areas of mod- 
erately steep Salida soils. 

This soil is suited to hay or pasture, and it can be 
planted to cultivated crops part of the time if erosion 
is controlled. Practices that conserve moisture are 
needed. Stones and boulders hinder cultivation in many 
places. Capability unit IVe-2. 


Shelby series 


The Shelby series consists of moderately well 
drained, moderately sloping to moderately steep soils 
on uplands. These soils formed in moderately fine tex- 
tured glacial till. The native vegetation was tall prairie 
grasses. 

In a representative profile most of the surface layer 
is very dark brown loam and very dark grayish brown 
and brown clay loam about 14 inches thick. The sub- 
soil is clay loam about 22 inches thick. It is brown 
in the upper 5 inches and yellowish brown and dark 
yellowish brown in the lower 17 inches. The underlying 
material is dark yellowish brown, yellowish brown, 
olive gray, and strong brown clay loam. 

Permeability is moderately slow, and available 
water capacity is high. The rooting zone is deep. Or- 
ganic matter content is moderate to low, depending on 
the extent of erosion. 

‘ Shelby soils are used for cultivated crops and pas- 
ure. 

Representative profile of Shelby loam, in an area of 
Shelby loam, 9 to 14 percent slopes, moderately eroded, 
in a pasture, 300 feet east and 340 feet north of the 
ee corner of NEI4NE1, of sec. 28, T. 87 N., R. 

A11—0 to 4 inches; very dark brown (10YR 2/2) 


heavy loam; weak very fine and fine sub- 
angular blocky structure; friable; 
slightly acid; clear smooth boundary. 

A12—4 to 9 inches; very dark grayish brown 
(10YR 3/2) light clay loam; continuous 
very dark brown (10YR 2/2) coatings 
on ped surfaces; weak fine subangular 
blocky structure; friable; slightly acid; 
clear smooth boundary. ; 

AB—9 to 14 inches; brown (10YR 4/8) light clay 
loam; continuous very dark grayish 
brown (10YR 3/2) coatings on ped sur- 
faces; ‘weak fine subangular blocky 
structure; friable; slightly acid; clear 
smooth boundary. 

B21t—14 to 19 inches; brown (10YR 4/3) me- 
dium clay loam; discontinuous very dark 
grayish brown (10YR 3/2) coatings on 
ped surfaces; weak fine subangular 
blocky structure; friable; thin clay 
films; slightly acid; clear smooth bound- 


ary. 

B22t—19 to 29 inches; yellowish brown (10YR 
5/4) medium clay loam; discontinuous 
olive brown (2.5Y 4/4) coatings on ped 
surfaces; weak fine prismatic structure 
parting to moderate fine subangular 
blocky; firm; thin continuous clay films; 
few fine dark accumulations (oxides) ; 
neutral; gradual smooth boundary. 

to 36 inches; dark yellowish brown 
(10YR 4/4) and yellowish brown (10YR 
5/6) heavy clay loam; medium distinct 
olive gray (5Y 5/2) mottles; weak me- 
dium prismatic structure parting to 
weak fine subangular blocky; firm; thin 
discontinnous clay films; few fine dark 
and reddish accumulations (oxides) ; 
few dark grayish brown (10YR 4/2) 
coatings on ped surfaces: mildly alka- 
line; gradual smooth boundary. 

to 43 inches; dark yellowish brown 
(10YR 4/4) and yellowish brown 
(10YR 5/6) medium clay loam: medium 
common distinct olive gray (5Y 5/2) 
mottles; massive; firm; dark grayish 
brown (2.5Y 4/2) coatings on ped 
surfaces; few fine dark and reddish 
accumulations (oxides); many lime 
concretions; strongly effervescent; mod- 
erately alkaline; abrupt smooth bound- 


ary. 
C2—48 to 76 inches; strong brown (7.5YR 5/6), 
olive gray (5Y 5/2), and yellowish 
brown (10YR 5/6) medium clay loam; 
massive; firm; few fine dark and reddish 
accumulations (oxides); common lime 
concretions and threads: strongly ef- 

fervescent; moderately alkaline. 

The A: horizon is black (10YR 2/1) to very dark 
grayish brown (10YR 3/2), depending on the extent 
of erosion. It is 10 to 18 inches thick if not eroded. The 
B horizon is dark brown (10YR 3/3) or dark yellowish 
brown (10YR 4/4) in the upper part; the middle and 
lower parts are dark yellowish brown (10YR 4/4), 


B3t—29 


C1—36 
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brown (10YR 4/3), or yellowish brown (10YR 5/4 or 
5/6) and generally have grayish mottles. The B hori- 
zon is 20 to 36 inches thick. The C horizon is mottled 
with various shades of brown and includes olive gray 
(5YR 5/2) and grayish brown (2.5Y 5/2). 

Because of erosion, Shelby soils in this county have 
a thinner dark colored surface layer than is defined in 
the range of the series. 

Shelby and Steinauer soils formed in similar parent 
material. Shelby soils are leached and nonealcareous 
in the solum; Steinauer soils are generally calcareous 
throughout. 

24C2—Shelby loam, 5 to 9 percent slopes, moder: 
ately eroded. This soil is on side slopes. Most areas are 
2 to 4 acres in size. 

Included with this soil in mapping are a few areas 
that are less sloping than this Shelby soil and some 
areas that have a siltier surface layer. Also included 
are a few areas of Steinauer soils. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. Stones and 
boul hinder cultivation in places. Capability unit 

e-1. 

24D2—Shelby loam, 9 to 14 percent slopes, mod- 
erately eroded. This soil is on side slopes. Most areas 
‘are 2 to 5 acres in size and are irregular in shape. This 
soil has the profile described as representative of the 
series, 

Included with this soil in mapping are areas of 
severely eroded soils and areas of soils that have a 
siltier surface layer than this Shelby soil. Small areas 
of Steinauer soils are also included. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. However, many 
areas are used for pasture because of the erosion haz- 
ard. Stones and boulders hinder cultivation in places. 
Capability unit IITe-2. 

24E2—Shelby loam, 14 to 18 percent slopes, mod- 
erately eroded. This soil is on side slopes. Most areas 
are 2 to 10 acres in size and are irregular in shape. 

Included with this soil in mapping are areas of 
severely eroded soils and areas of Steinauer soils. 

This soil is suited to pasture and woodland and is 
moderately suited to hay. Capability. unit VIe—1. 


Sparta series 


The Sparta series consists of excessively drained, 
moderately sloping and strongly sloping soils on up- 
lands. These soils formed in eolian sand. The native 
vegetation was prairie grasses. 

In a representative profile the surface layer is loamy 
fine sand about 21 inches thick. The upper part is very 
dark brown, and the lower part is very dark grayish 
brown. The subsoil is yellowish brown sand about 34 
inches thick. The underlying material is light yellow- 
ish brown loamy sand. 

Permeability is very rapid, and available water 
capacity is low. The rooting zone is mainly deep, but 
root growth is severely restricted during periods of 
drouahr, Organic matter content is moderately low to 
ow. 

Sparta soils are used mainly for pasture. 

Representative profile of Sparta loamy fine sand, 5 


to 14 percent slopes, in a wildlife area, 600 feet north 
of he corner of sec. 31, T. 87 N., R. 88 W.: 
Ap—O to 10 inches; very dark brown (10YR 2/2) 
loamy fine sand; weak fine subangular 
blocky structure; very friable; slightly 

acid; abrupt smooth boundary. 

A38—10 to 21 inches; very dark grayish brown 
(10YR 3/2) loamy fine sand; brown 
(10YR 5/2) dry; weak fine subangular 
blocky structure; very friable; medium 
acid; abrupt smooth boundary. 

B2—21 to 55 inches; yellowish brown (10YR 
5/4) sand; pale brown (10YR 6/3) dry; 
weak fine subangular blocky structure; 
loose; slightly acid; diffuse smooth 
boundary. : ; 

C—55 to 87 inches; light yellowish brown (2.5Y 
6/4) loamy sand; single grained; loose; 
yellowish brown (10YR 5/6) iron bands 
a few inches thick; slightly acid. 

The A horizon is black (10YR 2/1) to very dark 
grayish brown (10YR 3/2) loamy fine sand or fine 
sand 10 to 24 inches thick. The B horizon is dark yel- 
lowish brown (10YR 4/4) or yellowish brown (LOYR 
5/4 or 5/6) loamy sand or sand 14 to 40 inches thick. 
The C horizon is yellowish brown (10YR 5/4 or 5/6), 


pale brown (10YR 6/3), or light yellowish brown 


(10YR 6/4 or 2.5Y 6/4) sand or loamy sand. ; 
Sparta and Bolan soils formed in eolian soil material. 
Sparta soils formed in loamy. sand or sand, but Bolan 
soils formed partly in loam or sandy loam. 
41D—Sparta loamy fine sand, 5 to 14 percent slopes. 
Typically, this soil is on hillsides. Most areas are 2 to 
5 acres in size and are irregular in shape. : : 
This soil has a severe drought hazard and is subject 
to soil blowing if the vegetative cover is sparse. It is 
suited to pasture or woodland. Capability unit Vis-1. 


Spillville series 


The Spillville series consists of moderately well 
drained to somewhat poorly drained, nearly level and 
gently sloping soils on foot slopes and bottom lands. 
These soils formed in medium textured alluvial sedi- 
ment. The native vegetation was tall prairie grasses. 

In a representative profile the surface layer is black 
loam 25 inches thick. The subsoil is very dark grayish 
brown and dark brown loam to a depth of 47 inches. 
It is brown, dark brown and dark gray sandy clay 
loam to a depth of 56 inches. The underlying material 
is yellowish brown and olive gray coarse sandy loam 
or sand and gravel. : 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep, but in wet 
seasons it is restricted by a high water table. Organic 
matter content is high. 

Spillville soils are used mostly for crops and pasture. 

Representative profile of Spillville loam, 2 to 5 per- 
cent slopes, in a cultivated area, 200 feet west and 150 
feet sonth of the novtheast corner of SE14SE', of sec. 
12, T. 88 N., R. 36 W.: 

Ap—0 to 8 inches; black (10YR 2/1) loam; few 
fine faint very dark grayish brown 
(10YR 3/2) coatings on peds; weak fine 
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granular and very fine and fine suban- 
gular blocky structure; friable; neutral; 
abrupt smooth boundary. 

A12—8 to 19 inches; black (10YR 2/1) loam; few 
very dark grayish brown (10YR 3/2) 
peds; weak thin platy structure parting 
to fine granular and weak very fine and 
fine subangular blocky; friable; neutral; 
gradual smooth boundary. 

A13—19 to 25 inches; black (10YR 2/1) loam; 
weak fine granular and weak very fine 
and fine subangular blocky structure; 
friable; neutral; gradual smooth bound- 


ary. 
B1—25 to 32 inches; very dark grayish brown 
(10YR 3/2) loam; black (10YR 2/1) 
coatings on peds; very dark brown 

(10YR 2/2) kneaded; weak very fine 

and fine subangular blocky structure; 
friable; neutral; gradual smooth bound- 


ary. 

B21—~-32 to 43 inches; very dark grayish brown 
(10YR 3/2) loam; black (10YR 2/1) 
coatings on peds; very dark grayish 
brown (10YR 3/2) kneaded; weak fine 
and medium subangular blocky struc- 
ture; friable; neutral; gradual smooth 
boundary. 

B22—43 to 47 inches; dark brown (10YR 3/3) 
loam; very dark gray (10YR 3/1) coat- 
ings on peds; very dark grayish brown 
(10YR 3/2) kneaded; weak medium 
subangular blocky structure; friable; 
neutral; clear smooth boundary. 

B3—47 to 56 inches; brown (7.5YR 4/4) dark 
brown (7.5YR 3/2) and dark gray (5Y 
4/1) sandy clay loam; brown (7.5YR 
4/2) kneaded; weak medium subangular 
blocky structure; few fine dark and red- 
dish accumulations (oxides); friable; 
neutral; clear smooth boundary. 

C—56 to 66 inches; yellowish brown (10YR 5/4) 

’ and olive gray (5Y 5/2) sandy loam; 
light olive brown (2.5Y 5/4) kneaded; 
weak medium prismatic structure; fria- 
ble; common fine dark and reddish accu- 
mulations (oxides) ; mildly alkaline. 

The solum is neutral to slightly acid. The A horizon 
is 24 to 56 inches thick. The lower part of the A hori- 
zon ranges from black (10YR 2/1) to very dark gray 
(10YR 3/1) or very dark grayish brown (10YR 3/2). 
The B horizon, if present, is dominantly very dark 
grayish brown (10YR 8/2) but commonly has a mixed 
matrix of very dark gray (10YR 3/1), light olive 
brown (2.5Y¥ 5/4), brown (7.5YR 4/4) or olive gray 
(5Y 4/1). It is loam, sandy clay loam, or sandy loam 
4 to 50 inches thick: The C horizon is generally very 
dark grayish brown (10YR 3/2) to olive gray (5Y 
5/2). It is loam, sandy loam, or sand and gravel and is 
‘stratified. ; 

Spillville and Coland soils formed in similar parent 
material. Spillville soils are mainly loam and Coland 
soils are silty clay loam and clay loam. Spillville soils 
are better drained than Coland soils. 

485—Spillville loam, 0 to 2 percent slopes. This soil 


is on bottom lands, and areas are generally long and 
narrow. Most areas are 2 to 20 acres in size. They 
commonly are intermingled with other nearly level 
soils on bottom lands. . 

Included with this soil in mapping are areas of soils 
that are mildly alkaline. oo, 

The main management concern is wetness. This soil 
is well suited to cultivated crops if drainage is ade- 
quate and if flooding is controlled. It usually is farmed 
with the adjoining nearly level soils, most of which 
are more poorly drained. Undrained areas and unpro- 
tected areas are better suited to pasture than to culti- 
vated crops. Capability unit IIw-2. 

485B—Spillville loam, 2 to 5 percent slopes. This 
soil is on foot slopes and areas are generally long and 
narrow. Typically it is downslope from areas of 
Clarion or Storden soils. Most areas are 2 to 10 acres 
in size. This soil has the profile described as represen- 
tative of the series. 

Included with this soil in mapping are areas of soils 
that are similar to this Spillville soil but are light clay 
loam throughout. 

This soil has a moderate erosion hazard. It receives 
runoff from adjoining upslopé soils, which causes rill- 
ing and, in places, sedimentation. This soil is well 
suited to cultivated crops if erosion is controlled. It 
is commonly farmed with adjacent upland soils. Ca- 
pability unit IIe-1. 


Steinauer series 


The Steinauer series consists of well drained, 
strongly sloping to very steep soils on uplands. These 
soils formed in moderately fine textured glacial till. 
The native vegetation was prairie grasses and a few 
scattered trees. 

In a representative profile the surface layer is dark 
grayish brown loam about 5 inches thick. The under- 
lying material is yellowish brown clay loam. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic mat- 
ter content is moderate to low. 

Steinauer soils are used mainly for pasture. 

Representative profile of Steinauer loam, 9 to 18 per- 
cent slopes, in pasture, 300 feet west and 25 feet north 
of the southeast corner of NW14SE1, of sec. 29, T. 86 
N., R. 387 W.: 

Ap—0 to 5 inches; dark grayish brown (10YR 
4/2) loam; weak fine subangular blocky 
structure; friable; strongly effervescent ; 
moderately alkaline; abrupt smooth 
boundary. 

C1—5 to 24 inches; yellowish brown (10YR 5/4) 
clay loam; thin discontinuous dark gray- 
ish brown (10YR 4/2) coatings on peds; 
few medium prominent light gray 
(10YR 6/1) mottles; weak fine pris- 
matic structure and weak fine subangular 
blocky ; firm; few fine black and red con- 
cretions; strongly effervescent; moder- 
ately alkaline; clear smooth boundary. 

C2—24 to 48 inches; yellowish brown (10YR 5/4) 
medium clay loam; few medium promi- 
nent light gray mottles; massive; firm; 
few fine black accumulations; strongly 
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effervescent; moderately alkaline; clear 
smooth boundary. 

C3—48 to 73 inches; yellowish brown (10YR 5/4) 
medium clay loam; few medium promi- 
nent light gray (10YR 6/1) mottles; 
massive; firm; few fine black and brown 
concretions; few lime concretions; few 
small pebbles; strongly effervescent; 
moderately alkaline. : 

The solum generally is calcareous throughout, but 
the A horizon is noncalcareous in places. The A hori- 
zon commonly is dark grayish brown (10YR 4/2) or 
grayish brown (10YR 5/2) loam or clay loam. It is 8 
to 14 inches thick if uneroded. Some pedons have a 
very dark grayish brown (LOYR 3/2) A horizon that 
is less than 6 inches thick, The C horizon is yellowish 
brown (10YR 5/4), brown (10YR 5/3), pale brown 
(10YR 6/3), or light yellowish brown (10YR 6/4). 

Steinauer and Shelby soils formed in similar parent 
material. Steinauer soils do not have the B horizon 
typical of Shelby soils and are generally calcareous 
throughout. Shelby soils are noncalcareous in the A 
and B horizons. 

33E—Steinauer loam, 9 to 18 percent slopes. This 
soil is on convex side slopes. Most areas are 2 to 5 
acres in size and are irregular in shape. This soil has 
the profile described as representative of the series. 

This soil is suited to pasture and woodland and is 
moderately suited to hay. Surface stones and boulders 
ae farm operations in places. Capability unit 

e-1. 

33F—Steinauer loam, 18 to 40 percent slopes. This 
soil is on side slopes. Most areas are 2 to 10 acres in 
size and are irregular in shape. 

This soil is suited to pasture and woodland. Some 
areas are moderately suited to hay, but the steepness 
of the slopes in many other areas prevents the use of 
farm machinery. Capability unit VIe-1. 


Storden series 


The Storden series consists of somewhat excessively 
drained, moderately sloping to very steep soils on up- 
lands. These soils formed in medium textured glacial 
till. The native vegetation was prairie grasses. 

In a representative profile the surface layer is dark 
grayish brown Joam about 5 inches thick. The under- 
lying material is light olive brown or yellowish brown 
oam. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic mat- 
ter content is moderate to low. 

Storden soils are used for pasture and cultivated 
erops. 

Representative profile of Storden loam, 9 to 14 per- 
cent slopes, in a pasture, 400 feet north and 600 feet 
west of the southeast corner of SW14 of sec. 12, T. 88 
N., R. 37 W.: 

A1—0 to 5 inches; dark grayish brown (10YR 
4/2) loam; weak fine subangular blocky 
structure; friable; few small pebbles; 
strongly effervescent; moderately alka- 
line; abrupt smooth boundary. 

C1—5 to 15 inches; light olive brown (2.5Y 5/4) 


loam; moderate fine subangular blocky 
structure; friable; many light gray con- 
cretions; strongly effervescent; moder- 
ately alkaline; clear smooth boundary. 

C2—15 to 28 inches; light olive brown (2.5Y 5/6) 
loam; weak fine subangular blocky struc- 
ture; friable; vertical lime streaks; 
strongly effervescent; moderately alka- 
line; gradual smooth boundary. 

C3—28 to 38 inches; yellowish brown (10YR 5/8) 
loam; weak fine and medium subangular 
blocky structure; few fine distinct light 
olive gray (5Y 6/2) mottles; friable; 
few fine dark accumulations (oxides) ; 
very few medium reddish accumulations 
(oxides); strongly effervescent; mod- 
-erately alkaline; gradual smooth bound- 


ary. 
C4—88 to 49 inches; yellowish brown (10YR 5/4) 
loam; few coarse distinct yellowish 
brown (10YR 4/2) mottles; weak me- 
dium subangular blocky structure; fria- 
ble; strongly effervescent; moderately 
alkaline; gradual smooth boundary. 
C5—49 to 70 inches; yellowish brown (10YR 5/4) 
loam; massive; friable; thin discontinu- 
ous dark coatings (oxides) on cleavage 
faces; strongly effervescent; moderately 
alkaline; gradual smooth boundary. 

The A horizon is dark grayish brown (10YR 4/2) 
or grayish brown (10YR 5/2). It is as much as 10 
inches thick if uneroded. The C horizon is yellowish 
brown (10YR 5/6 or 5/8), light olive brown (2.5Y 
5/4 or 5/6), or brown (10YR5/8). 

Storden and Clarion soils formed in similar parent 
material. Storden soils have a thinner solum and lack 
the B horizon typical of Clarion soils. Storden soils 
are calcareous throughout, and Clarion soils are non- 
calcareous in the solum. 

62C—Storden loam, 5 to 9 percent slopes. This soil 
is on side slopes or knolls. Most areas are irregular in 
shape and are 2 to 5 acres in size. 

Included with this soil in mapping are areas of se- 
verely eroded soils, spots of sandy or gravelly soils, 
and small areas of Clarion soils. 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion is controlled. Capability 


unit I[Te-1. 


62D—Storden loam, 9 to 14 percent slopes. This soil 
is on side slopes. Most areas are 2 to 5 acres in size and 
are irregular in shape. This soil has the profile de- 
scribed as representative of the series. 

Included with this soil in mapping are areas of se- 
verely eroded soils, spots of sandy or gravelly soils, 
and small areas of Clarion soils. : 

This soil has a severe erosion hazard. It is suited to 
cultivated crops if erosion ig controlled. However, 
many areas are used for pasture because of the ero- 
sion hazard. Capability unit IITe~2. 

62E—Storden loam, 14 to 18 percent slopes. This 
soil is on side slopes. Most areas are 2 to 10 acres in 
size and are irregular in shape. 

Included with this soil in mapping are spots of se- 
verely eroded soils and areas of sand and gravel. 

This soil is suited to hay or pasture. It can be planted 
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to cultivated crops part of the time if erosion is con- 
trolled. Capability unit [Ve—-1. 

62F—Storden loam, 18 to 25 percent slopes. This 
soil is on side slopes. Most areas are 2 to 10 acres in 
size and are irregular in shape. 

Included with this soil in mapping are small areas 
of sand and gravel. Also included are areas of shale 
outcrop near Grant City. 

This soil is suited to pasture and woodland and is 
moderately suited to hay. The steepness of the slopes 
makes the use of farm machinery hazardous in places. 
Capability unit VIe-1. . 

62G—Storden loam, 25 to 40 percent slopes. This 
soil is on side slopes. Areas range from 2 acres to more 
than 50 acres in size and are irregular in shape. . 

Included with this soil in mapping are a few areas 
of gravelly soils. Also included are areas of shale out- 
crop near Grant City. 

This soil is suited to pasture and woodland. The 
steepness of the slopes makes the use of farm ma- 
chinery impractical or extremely hazardous, Capabil- 
ity unit VIle-1. 


Talcot series 


The Talcot series consists of very poorly drained, 
nearly level soils on uplands and benches. These soils 
formed in moderately fine textured glacial outwash 
over coarse textured outwash. The native vegetation 
was grasses and sedges. 

In a representative profile the surface layer is black 
elay loam about 18 inches thick. The subsoil is clay 
loam about 19 inches thick. The upper part is black, 
and the middle and lower parts are gray and light 
gray. The underlying material is light gray sand. 

Permeability is moderate in the upper part and 
rapid in the underlying sand. Available water capacity 
is moderate. The rooting zone is restricted by depth to 
sand and gravel. Organic matter content is high. 

; Talcot soils are used for cultivated crops and pas- 
ure. 

Representative profile of Talcot clay loam, 32 to 40 
inches to sand and gravel, 0 to 2 percent slopes, in a 
cultivated field, 35 feet north and 725 feet east of the 
southwest corner of NE4 of sec. 7, T. 89 N., R. 35 W.: 


Ap—0 to 8 inches; black (N 2/0) light clay loam; 
weak fine granular and weak very fine 
subangular blocky structure; 
strongly effervescent; moderately alka- 
line; abrupt smooth boundary. 

A12—8 to 12 inches; black (N 2/0) light clay 
loam; weak fine granular and weak very 
fine subangular blocky structure; fri- 
able; strongly effervescent; moderately 
alkaline; clear smooth boundary. 

A8—12 to 18 inches; black (5Y 2/1) light clay 
loam; weak fine granular and weak very 
fine subangular blocky structure; fri- 
able; strongly effervescent; moderately 
alkaline; clear smooth boundary. 

‘Blg—18 to 28 inches; black (5Y 2/1) light clay 
loam; common medium distinct dark 
gray (4Y 4/1) mottles; very dark gray 
(BY 8/1) kneaded; weak very fine 


friable; 


subangular blocky structure; friable; 
strongly effervescent; moderately alka- 
line; clear smooth boundary. _ 

B2g—23 to 29 inches; gray (5Y 5/1) light clay 
loam; weak fine prismatic structure 
parting to very fine subangular blocky; 
friable; very dark gray fills in worm or 
root channels; few very fine reddish and 
dark accumulations (oxides); strongly 
effervescent; moderately alkaline; grad- 
ual smooth boundary. . 

B3g—29 to 87 inches; light gray (5Y 6/1) light 
clay loam; very few coarse distinct light 
olive brown (2.5Y 5/6) mottles; weak 
fine prismatic structure parting to weak 
fine subangular blocky; friable; very 
dark gray (5Y 3/1) fills in worm and 
root channels; common very fine reddish 
accumulations (oxides); few fine dark 
accumulations (oxides); strongly effer- 
vescent; moderately alkaline; abrupt 
smooth boundary. 

IIC—37 to 60 inches; light gray (5Y 6/1) me- 
dium sand; few stones; common large 
distinct strong brown (7.5YR 5/6) mot- 
tles and iron bands; structureless; loose; 
common large reddish accumulations 
(oxides) ; strongly effervescent; moder- 
ately alkaline. 

The A horizon is 14 to 24 inches thick. The B hori- 
zon is 10 to 20 inches thick. It is black (5Y 2/1) to 
very dark gray (5Y 4/1) in the upper part and mot- 
tled, very dark gray (5Y 4/1) to light olive gray 
(5Y 6/2) in the lower part. The C horizon is very dark 
gray (5Y 4/1) to light olive gray (5Y 6/2). The 
amount of gravel ranges from almost none to almost 
100 percent but is mainly less than 50 percent. 

Taleot and Biscay soils formed in similar parent 
material. Talcot soils are calcareous throughout, but 
Biscay soils are noncaleareous in the solum. 

559—Talcot clay loam, 32 to 40 inches to sand and 
gravel, 0 to 2 percent slopes. Typically, this soil is at 
lower elevations than most of the adjoining soils. Most 
areas are 2 to 20 acres in size and are irregular in 
shape. ; 

Included with this soil in mapping are areas of soils 
that are similar to this Talcot soil but that have sand 
and gravel at a depth of less than 32 inches. Also in- 
cluded are areas of soils in the upper Boyer River 
Valley that are siltier in the upper part than this 
Talcot soil. 

The main management concern is wetness. Excess 
water from adjoining areas runs onto this soil. The 
low available water capacity of the underlying sand 
and gravel makes this soil droughty during dry sea- 
sons. 

This soil is well suited to cultivated crops if drain- 
age is adequate. If this soil is inadequately drained, 
root growth is restricted during wet seasons. Capabil- 
ity unit IIw-1. 


Terril series 


The Terril series consists of moderately well 
drained, gently sloping and moderately sloping soils 
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on foot slopes and benches. These soils formed in me- 
dium textured local alluvium. The native vegetation 
was tall prairie grasses. 

In a representative profile the surface layer is loam 
about 31 inches thick. The upper part is black and the 
lower part is very dark grayish brown. The subsoil is 
dark brown, brown, and very dark grayish brown clay 
loam that extends to a depth of 73 inches or more. 

Permeability is moderate, and available water ca- 
pacity is high. The rooting zone is deep. Organic 
matter content is high. 

Terril soils are used for cultivated crops and for 
pasture. 

Representative profile of Terril loam, 3 to 8 percent 
slopes, in a cultivated area, 400 feet south and 300 feet 
east of the northwest corner of SWIANWY, of sec. 
36, T. 88 N., R. 36 W.: 

Ap—0 to 8 inches; black (10YR 2/1) medium 
loam; weak fine granular and weak very 
fine subangular blocky structure; fri- 
able; neutral abrupt smooth boundary. 

A12—8 to 17 inches; black (1OYR 2/1) and very 
dark grayish brown (10YR 8/2) heavy 
loam; weak fine granular and weak very 
fine subangular blocky structure; fri- 
able; neutral; gradual smooth boundary. 

A13—17 to 24 inches; very dark grayish brown 
(10YR 3/2) heavy loam; very dark gray 
(10YR 3/1) coatings on peds; weak very 
fine and fine subangular blocky struc- 
ture; friable; neutral; gradual smooth 
boundary. 

A3—24 to 31 inches; very dark grayish brown 
(10YR 3/2) heavy loam; weak fine sub- 
angular blocky structure; friable; neu- 
tral; gradual smooth boundary. 

B2—81 to 54 inches; dark brown (10YR 3/3) and 
brown (10YR 4/8) light clay loam; few 
very dark grayish brown (10YR 3/2) 
coatings on peds; weak fine and medium 
subangular blocky structure; friable; 
slightly acid; gradual smooth boundary. 

B3—54 to 73 inches; very dark grayish brown 
(10YR 3/2), dark grayish brown (2.5Y 
4/3), and brown (7.5YR 4/4) light clay 
loam; weak prismatic structure parting 
to weak medium subangular blocky; fri- 
able; slightly acid; gradual smooth 
boundary. 

; The solum is slightly acid or neutral. The A horizon 
is loam or light clay loam 24 to 36 inches thick. The 
B horizon is loam or light clay loam 24 inches to sev- 
eral feet thick. The C horizon, where present, is com- 
monly brown (10YR 4/8), dark yellowish brown 
(10YR 4/4), olive brown (2.5Y 4/4), or yellowish 
brown (10YR 5/4) and, in places, has grayish mot- 
tles. In mapping unit 823B, the C horizon is loamy 
sand or sand. 

Terril and Spillville soils formed in similar parent 
material. Terril soils are browner in the B horizon 
than Spillville soils. 

27C—Terril loam, 3 to 8 percent slopes. This soil is 
on foot slopes. Most areas of this soil are 2 to 5 acres 
in size and are generally narrow and elongated. This 


soil has the profile described as représentative of the 
series. 

Included with this soil in mapping are areas of soils 
that have a sandy loam surface layer. 

This soil has a moderate to severe erosion hazard. 
It is suited to cultivated crops if erosion is controlled. 
Runoff from adjoining soils on the hillsides causes 
rilling and, in places, sedimentation. Capability unit 
TITe-1. 

323B—Terril loam, sandy substratum, 2 to 5 percent 
slopes. This soil is on benches. Most areas are 2 to 20 
acres in size. They are irregular in shape but are gen- 
erally slightly elongated. . 

Included with this soil in mapping are areas of soils 
that have a sandy loam surface layer. . 

This soil has a moderate erosion hazard. It is well 
suited to cultivated crops if erosion is controlled. Run- 
off from adjoining soils on the hillsides causes rilling 
and, in places, sedimentation. This soil has lower avail- 
able water capacity than Terri! soils that do not have 
a sandy substratum. Capability unit Ile-1. 


Wacousta series 


The Wacousta series consists of very poorly drained, 
nearly level soils in depressions on uplands. These soils 
formed in moderately fine textured glacial sediment. 
The native vegetation was water-tolerant grasses. 

In a representative profile the surface layer is black 
silty clay loam about 15 inches thick. The subsoil is 
very dark gray and dark gray silty clay loam about 
4 inches thick. The underlying material is olive gray 
and light olive gray silty clay loam. 

Permeability is moderate to moderately slow, and 
available water capacity is high. The rooting zone is 
restricted in wet seasons by a high water table. Or- 
ganic matter content is high. 

Wacousta: soils are used for cultivated crops and 
pasture. 

Representative profile of Wacousta silty clay loam, 
0 to 1 percent slopes, in a cultivated area, 100 feet 
west and 100 feet south of the northeast corner of 
NWI, of sec. 20, T. 88 N., R. 36 W.: : 

Ap—0 to 9 inches; black (N 2/0) light silty clay 
loam; cloddy; friable; neutral; abrupt 
smooth boundary. ; . 

Ai1—9 to 15 inches; black (5Y 2/1) medium silty 
clay loam; weak very fine subangular 
blocky structure; friable; few gray fills 
in root and worm channels; neutral; 
abrupt smooth boundary. 

Bg—15 to 19 inches; very dark gray (5Y 3/1) 
and dark gray (5Y 4/1) medium silty 
clay loam; massive; friable; very dark 
gray streaks and fills in crayfish holes; 
many fine light gray lime accumulations 
and fragments of snail shells; strongly 
effervescent ; moderately alkaline; 
abrupt smooth boundary. 

Cig—19 to 30 inches; light olive gray (5Y 6/2) 
light silty clay loam; many medium 
distinct light olive brown (2.5Y 5/4) 
mottles; olive gray (5Y 5/2) kneaded; 
massive; friable; few fine dark and 
reddish accumulations (oxides) ; few fine 
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soft lime accumulations; darks fills in 
root and worm channels; strongly effer- 
vescent; moderately alkaline; abrupt 
smooth boundary. 

C2g-——30 to 60 inches; olive gray (5Y 5/2) light 
silty clay loam; many medium distinct 
yellowish brown (10YR 5/6) mot- 
tles; massive; friable; few large lime 
accumulations; few fine dark and red- 
dish accumulations (oxides); strongly 
effervescent; moderately alkaline. 

The A horizon is slightly acid or neutral. It is 8 to 
16 inches thick. The B horizon, if present, is neutral 
to moderately alkaline. It is black (5Y 2/1) to light 
olive gray (5Y 6/2) and is as much as 6 inches thick. 
The C horizon is dark gray (5Y 4/1) to light olive 
gray (5Y 6/2). It is generally silty clay loam but is 
silt loam in places. 

Wacousta and Okoboji soils formed in similar parent 
material in depressions. Wacousta soils have a thinner 
solum than Okoboji soils and are generally slightly 
coarser textured. They are coarser textured than Lan- 
yon soils, which also formed in depressions. 

506—Wacousta silty clay loam, 0 to 1 percent slopes. 
This soil is in depressions. Most areas are 5 to 50 acres 
in size and are irregular in shape. 

Included with this soil in mapping are areas of a 
soil similar to this Wacousta soil, but it is calcareous 
throughout the profile. 

The main management concern is wetness. This soil 
is subject to runoff from adjoining areas. This soil is 
suited to cultivated crops if drainage is adequate and 
if flooding or ponding is controlled. If this soil is in- 
adequately drained, crops drown out or are stunted 
during flooding or ponding. Capability unit IIIw-1. 


Wadena series 


The Wadena series consists of well drained, nearly 
level to moderately sloping soils on benches and on up- 
lands. These soils formed in medium textured glacial 
outwash and in the underlying sand and gravel. The 
native vegetation was tall prairie grasses. 

In a representative profile the surface layer is very 
dark brown loam about 18 inches thick. The subsoil 
is 21 inches thick. The upper part is very dark brown 
and very dark grayish brown loam,.the middle part is 
brown loam and dark yellowish brown sandy clay 
loam, and the lower part is dark yellowish brown sand 
and gravel. The underlying material is brown sand 
and gravel. 

Permeability is moderately rapid in the upper part 
of the profile and very rapid in the underlying sand 
and gravel. Available water capacity is moderate. The 
rooting zone is restricted by depth to sand and gravel. 
Organic matter content is moderate to moderately low, 
depending on the thickness of the surface layer. 

Wadena soils are used mostly for cultivated crops. 

Representative profile of Wadena loam, 24 to 32 
inches to sand and gravel, 0 to 2 percent slopes, in a 
cultivated area, 350 feet north and 800 feet west of 
the southeast corner of sec. 24, T. 87 N., R. 36 W.: 

Ap—O0 to 6 inches; very dark brown (10YR 2/2) 
loam; cloddy; friable; neutral; abrupt 
smooth boundary. 


A12—6 to 9 inches; very dark brown (10YR 2/2) 
loam; weak very fine and fine subangu- 
lar blocky structure; friable; slightly 
acid; clear smooth boundary. 

A8—9 to 18 inches; very dark brown (10YR 2/2) 
loam; common very dark grayish brown 
(10YR 3/2) peds; weak very fine and 
fine subangular blocky structure; fri- 
able; slightly acid; clear smooth bound- 


ary. 
B1—13 to 17 inches; very dark brown (10YR 
2/2) and very dark grayish brown 
(10YR 3/2) loam; weak very fine and 
fine subangular blocky structure; fri- 
able; slightly acid; clear smooth bound- 


ary. 

B21—17 to 23 inches; brown (10YR 4/3) loam ; 
dark brown (10YR 3/3) coatings on 
peds; weak very fine and fine subangular 
blocky structure; friable; neutral; clear 
smooth boundary. ; 

B22—23 to 27 inches; dark yellowish brown 
(10YR 4/4) sandy clay loam; weak fine 
subangular blocky structure; friable; 
common gravel; neutral; abrupt smooth 
boundary. a 

TIB8—27 to 34 inches; dark yellowish brown 
(10YR 4/4) sand and gravel; single 
grained; loose; slightly acid; abrupt 
wavy boundary. 

TIC—34 to 60 inches; brown (10YR 4/3) sand 
and gravel; single grained; loose; 
strongly effervescent; moderately alka- 
line. 

The solum is neutral or slightly acid. The A horizon 
is black (10YR 2/1), very dark gray (10YR 3/1), or 
very dark brown (10YR 2/2) and is 10 to 20 inches 
thick if uneroded. The B horizon is generally brown 
(10YR 4/3) or dark yellowish brown (10YR 4/4), 
but in places it is very dark brown (10YR 2/2), very 
dark grayish brown (10YR 3/2), or dark brown 
(10YR 8/3) in the upper part. The B horizon is loam 
or sandy clay loam, but the B3 horizon is sand and 
gravel in places. The B horizon is 12 to 24 inches thick. 

Wadena and Cylinder soils formed in similar parent 
material. Wadena soils are better drained than Cylin- 
der soils. . : 

308—Wadena loam, 32 to 40 inches to sand and 
gravel, 0 to 2 percent slopes. This soil is generally on 
benches. A few areas formed in outwash on uplands. 
Most areas are 2 to 10 acres in size and are irregular 
in shape. . 

Included with this soil in mapping are areas of soils 
in the Boyer River valley that are siltier and more 
stratified in the underlying material than this Wadena 
soil. 

This soil is well suited to cultivated crops. Potential 
productivity is reduced by prolonged dry periods be- 
cause of limited available water capacity. Moisture 
conservation practices such as tillage that leaves crop 
residue on the surface are beneficial to this soil. Capa- 
bility unit I-1. 

’ 308B—Wadena loam, 32 to 40 inches to sand and 
gravel, 2 to 5 percent slopes. This soil is generally on 
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benches. Most areas are 2 to 10 acres in size and are 
irregular in shape. 

This soil has a moderate erosion hazard and is 
slightly droughty. It is well suited to cultivated crops 
if erosion is controlled and if moisture conservation 
practices are used. Capability unit IIe—1. 

108—Wadena loam, 24 to 32 inches to sand and 
gravel, 0 to 2 percent slopes. This soil is generally on 
benches, but some areas are in outwash areas on up- 
lands. Most areas are 2 to 50 acres in size. They are ir- 
regular in shape but generally are somewhat elongated. 
This soil has the profile described as representative of 
the series. 

Included with this soil in mapping are areas of soils 
in the Boyer River valley that are siltier and more 
stratified than this Wadena soil. 

This soil has a drought hazard. It is well suited to 
cultivated crops if moisture conservation practices are 
used. Capability unit IIs-1. 

108B—Wadena loam, 24 to 32 inches to sand and 
gravel, 2 to 5 percent slopes. This soil is generally on 
benches in valleys, but some areas formed in outwash 
on uplands. Most areas are 2 to 50 acres in size. They 
are irregular in shape but generally are somewhat 
elongated. 

Included with this soil in mapping are areas of soils 


in the Boyer River valley that are siltier and more- 


stratified than this Wadena soil. 

This soil has moderate erosion and drought hazards. 
It is well suited to cultivated crops if erosion is con- 
trolled and if moisture conservation practices are used. 
Capability unit Ile—2. 

108C2—Wadena loam, 24 to 32 inches to sand and 
gravel, 5 to 9 percent slopes, moderately eroded. This 
soil is generally on benches. It forms escarpments be- 
tween areas of less sloping Wadena soils and bottom 
lands. Most areas are 2 to 10 acres in size and are long 
and narrow in shape. 

. Included with this soil in mapping are areas of soils 
that have a slightly thicker surface layer than this 
Wadena soil. 

This soil has severe erosion and drought hazards. It 
is suited to cultivated crops if erosion is controlled and 
if moisture conservation practices are used. Capability 
unit IITe—-8. 


Waldorf series 


The Waldorf series consists of poorly drained, nearly 
level soils on uplands. These soils formed in moder- 
ately fine textured and fine textured glacial sediment. 
The native vegetation was water-tolerant tall prairie 
grasses, 

In a representative profile the surface layer is black 
and is about 24 inches thick. The upper 10 inches is 
silty clay loam, and the lower 14 inches is silty clay. 
The subsoil is olive gray to dark gray silty clay about 
23 inches thick, The underlying material is olive gray 
silty clay loam. 

Permeability is moderately slow, and available 
water capacity is high. The rooting zone is deep, but 
in wet seasons it is restricted by a high water table. 
The organic matter content is high. 

Waldorf soils are used mostly for cultivated crops. 

Representative profile of Waldorf silty clay loam, 0 


to 2 percent slopes, in a cultivated area, 150 feet east 

and 5 feet south of the northwest corner of NEYNEY 
of sec. 14, T. 86 N., R. 36 W.: ; . 

Ap—0 to 10 inches; black (N 2/0) medium silty 

clay loam; weak fine granular and weak 

very fine subangular blocky structure; 

friable; neutral; abrupt smooth bound- 


ary. ; ; 

A12—10 to 18 inches; black (N 2/0) light silty 
clay; moderate fine granular and mod- 
erate very fine subangular blocky struc- 
ture; friable; few dark accumulations 
(oxides); neutral; gradual smooth 
boundary. ; 

A8—18 to 24 inches; black (N 2/0) silty clay; 
weak fine prismatic structure parting to 
moderate very fine subangular blocky : 
firm; many fine reddish accumulations 
(oxides) ; neutral; gradual smooth bound- 


ary. 

B21tg—24 to 29 inches; olive gray (5Y 4/2) and 
olive brown (2.5Y 4/4) silty clay; very 
dark gray (5Y 3/1) coatings on ped sur- 
faces; dark gray (5Y 4/1) kneaded ; 
weak fine prismatic structure parting to 
moderate very fine and fine subangular 
blocky; firm; thin continuous clay films ; 
many fine red and dark accumulations 
(oxides); neutral; gradual smooth 
boundary. : 

B22tg—29 to 36 inches; dark gray (5Y 4/1) silty 
clay: olive gray (5Y 4/2) kneaded; many 
medium distinct olive brown (2.5Y 4/4) 
mottles; weak fine prismatic structure 
parting to moderate very fine and fine 
subangular blocky; firm; black (5Y 2/1) 
thick continuous clay films; many fine 
red accumulations (oxides); neutral; 
gradual smooth boundary. . 

B3tg—36 to 47 inches; dark gray (5Y 4/1) light 
silty clay; many distinct olive brown 
(2.5Y 4/4) mottles ; weak fine subangular 
blocky structure; firm; thick continuous 
clay films; few fine reddish accumulations 
(oxides) ; thick continuous organic stains 
on faces of prisms; neutral; abrupt 
smooth boundary. 

C—47 to 64 inches; olive gray (5Y 5/2) heavy 
silty clay loam; many distinct yellowish 
brown (10YR 5/6). mottles; firm; thin 
discontinuous clay films on cleavage 
faces; strongly effervescent; moderately 
alkaline. 

The solum is slightly acid to mildly alkaline. The A 
horizon is medium to heavy silty clay loam or light 
silty clay 16 to 24 inches thick. The A3 horizon is 
black (N 2/0) to very dark gray (5Y 3/1). The B 
horizon is dark gray (5Y 4/1) to olive brown (2.5Y 
4/4) and is 16 to 30 inches thick. The C horizon is 
silty clay to medium silty clay loam. In places it is 
neutral or mildly alkaline in the upper part but with 
depth becomes moderately alkaline and calcareous. 

Waldorf and Collinwood soils formed in similar ma- 
terial, and their profile is similar to that of Webster 
soils. Waldorf soils are in less sloping positions and 
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are more poorly drained than Collinwood soils. They 
ne finer textured and less permeable than Webster 
soils. 

390—Waldorf silty clay loam, 0 to 2 percent slopes. 
Most areas of this soil are 2 to 10 acres in size and are 
irregular in shape. 

Included with this soil in mapping are areas of soils 
that are similar to this Waldorf soil but that have clay 
loam or loam glacial till in the underlying material. 

The main management concern is wetness. This soil 
is suited to cultivated crops. If the soil is inadequately 
drained, root growth is restricted during wet seasons. 
The soil becomes cloddy if worked when it is too wet. 
Capability unit IIw-1. 


Webster series 


The Webster series consists of poorly drained, nearly 
level soils on uplands. These soils formed in moderately 
fine textured glacial till and glacial sediment. The na- 
tive vegetation was tall prairie grasses and marsh 
grasses. 

In a representative profile the surface layer is black 
silty clay loam and clay loam about 12 inches thick. 
The subsoil is clay loam about 21 inches thick. The up- 
per part is very dark gray and olive gray and the lower 
part is olive gray, light olive gray, and dark gray. The 
underlying material is olive gray and yellowish brown 
clay loam. 

Permeability is moderate to moderately slow, and 
available water capacity is high. The rooting zone is 
deep, but in wet seasons it is restricted by a high water 
table. Organic matter content is high. 

Webster soils are used mainly for cultivated crops. 

Representative profile of Webster silty clay loam, 0 
to 2 percent slopes, in a pasture, 400 feet south and 80 
feet east of the northwest corner of SW1,, of sec. 29, T. 
88 N., R. 35 W.: . 

A1—0 to 9 inches; black (N 2/0) silty clay loam 
that has a high content of sand; weak 
fine granular and very fine subangular 
blocky structure; friable; neutral; clear 
smooth boundary. 

A3—9 to 12 inches; black (N 2/0) light clay 
loam; few fine distinct olive gray (5Y 
4/2) mottles; weak very fine and fine 
subangular blocky structure; friable; 
neutral; clear smooth boundary. — 

Big—12 to 16 inches; very dark gray (5Y 8/1) 
medium clay loam; common fine distinct 
olive gray (5Y 4/2) mottles; weak very 
fine and fine subangular blocky struc- 
ture; friable; mildly alkaline; clear 
smooth boundary. 

B21g—16 to 21 inches; olive gray (5Y 4/2) and 
very dark gray (5Y 3/1) medium clay 
loam; weak fine prismatic structure 
parting to weak very fine and fine sub- 
angular blocky; friable; few fine reddish 
accumulations (oxides) ; mildly alkaline; 
clear smooth boundary. 

B22g—21 to 25 inches; olive gray (5Y 4/2) and 
dark gray (5Y 4/1) light clay loam; 
weak fine prismatic structure parting to 
weak fine subangular blocky; friable; 


few fine dark and reddish accumulations 
(oxides); mildly alkaline; abrupt 
smooth boundary. . 

B3g—25 to 33 inches; olive gray (5Y 5/2), light 
olive gray (5Y 6/2), and dark gray (5Y 
4/1) light clay loam; weak medium 
prismatic structure parting to weak me- 
dium subangular blocky; friable; few 
fine dark and reddish accumulations 
(oxides) ; common soft lime accumula- 
tions; strongly effervescent; moderately 
alkaline; gradual smooth boundary. | 

Cig—33 to 42 inches; olive gray (5Y 5/2) light 
clay loam; common prominent yellowish 
brown (10YR 5/6) mottles; massive; 
friable; few fine dark and reddish ac- 
cumulations (oxides) ; strongly efferves- 
cent; moderately alkaline; clear smooth 
boundary. 

C2g—42 to 76 inches; olive gray (5Y 5/2), yel- 
lowish brown (10YR 5/6), and olive 
gray (5Y 5/2) light clay loam; many 
medium prominent yellowish brown 
(10YR 5/6) mottles; massive; friable; 
few medium dark and reddish accumu- 
lations (oxides); strongly effervescent; 
moderately alkaline. ; 

The solum is mainly slightly acid to mildly alkaline, 
but the lower part is typically moderately alkaline 
and calcareous. The A horizon is 12 to 22 inches thick. 
The B horizon is very dark gray (l0OYR 8/1 or 5Y 
8/1) to olive gray (5Y 4/2 or 5Y 5/2) in the upper part 
and dark gray (5Y 4/1) to light olive gray (BY 6/1) 
in the lower part. It is light to medium silty clay loam 
or clay loam 10 to 24 inches thick. The C horizon is 
silty clay loam, clay loam, or heavy loam and in places 
is stratified. a 

Webster, Nicollet, and Canisteo soils formed in simi- 
lar parent material. Webster soils are more poorly 
drained than Nicollet soils and in places are finer tex- 
tured. They are noncalcareous in the upper part of the 
solum, but Canisteo soils are calcareous throughout 
the profile. : 

107—Webster silty clay loam, 0 to 2 percent slopes. 
Most areas of this soil are 2 to 20 acres in size and are 
irregular in shape. 

Included with this soil in mapping are areas of cal- 
careous soils, many small areas of soils in depressions, 
small areas of Clarion and Nicollet soils on slight rises, 
and areas of soils that have a fine textured subsoil. 
These included areas are shown on the map with spe- 
cial symbols. ; 

The main management concern is wetness. This soil 
is suited to cultivated crops. If the soil is inadequately 
drained, root growth is restricted during wet seasons. 
Capability unit IIw-1. 


Zook series 


The Zook series consists of poorly drained, nearly 
level soils on bottom lands. These soils formed in mod- 
erately fine textured and fine textured alluvium. The 
native vegetation was tall grasses and sedges. 

In a representative profile the surface layer is black 
silty clay about 40 inches thick. The subsoil is very 
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dark gray silty clay about 20 inches thick. The under- 
lying material is very dark gray silty clay. 

_Permeability is slow, and available water capacity is 
high. The rooting zone is deep, but in wet seasons it is 
restricted by a high water table. Organic matter con- 
tent is high. 

Zook soils are mainly used for cultivated crops. In- 
adequately drained areas are mainly used for pasture. 

Representative profile of Zook silty clay, 0 to 2 per- 
cent slopes, in a cultivated field, 600 feet north and 600 
ee of the southeast corner of sec. 10, T. 86 N., R. 

Ap—0 to 6 inches; black (10YR 2/1) light silty 
clay; moderate very fine subangular 
blocky structure; firm; neutral; abrupt 
smooth boundary. 

A12—6 to 15 inches; black (N 2/0) light silty 
clay; moderate very fine subangular 
blocky structure; firm; neutral; diffuse 
smooth boundary. 

A18—15 to 26 inches; black (N 2/0) medium 
silty clay; weak fine prismatic structure 
parting to moderate very fine subangular 
blocky; firm; mildly alkaline; diffuse 
smooth boundary. 

A8—26 to 40 inches; black (10YR 2/1) medium 
silty. clay; weak fine prismatic structure 
parting to moderate very fine subangular 
blocky; firm; black (5Y 2/1) coatings 
on peds; mildly alkaline; diffuse smooth 
boundary. 

B2g—40 to 60 inches; very dark gray (BY 3/1) 
light silty ‘clay; weak fine prismatic 
structure parting to moderate very fine 
subangular blocky; firm; black (BY 2/1) 
coatings on peds; mildly alkaline: diffuse 
smooth boundary. 

Ce—60 to 84 inches; very dark gray (5Y 3/1) 
light silty clay; weak fine prismatic 
structure parting to moderate very fine 
subangular blocky; firm; mildly alka- 
line; diffuse smooth boundary. 

The solum ranges from medium acid to neutral in 
the most acid part. The A horizon is 24 to 40 inches 
thick. The upper part is silty clay loam or silty clay. 
The B horizon is black (N 2/0 or 5Y 2/1) to very dark 
gray (5Y 3/1) and is generally 10 to 20 inches thick. 
It is generally silty clay but in places is silty clay loam 
in the lower part. 

Zook, Nishna, and Colo soils formed in similar par- 
ent material. Zook soils are finer textured than Colo 
soils. They are noncalcareous in the solum, but Nishna 
soils are calcareous throughout the profile. 

54—Zook silty clay loam, 0 to 2 percent slopes. 
Many areas of this soil are 100 acres or more in size. 
Most are long and narrow and are parallel to the 
stream. This soil has a profile similar to the one de- 
scribed as representative of the series, but the upper 
part of the surface layer is silty clay loam. 

The main management concern is wetness. Timely 
field operations are needed. Maintaining good tilth is 
somewhat easier on this soil than on the more clayey 
Zook soils. This soil is well suited to cultivated crops 
if drainage is adequate and if flooding is controlled. 


Undrained and unprotected areas are better suited to 
pasture. Capability unit IIw-2. 

134—Zook silty clay, 0 to 2 percent slopes. Areas of 
this soil are 100 acres or more in size. Most are long 
and narrow and are parallel to the stream. This soil 
has the profile described as representative of the series. 

The main management concern is wetness. Timely 
field operations are needed to maintain good tilth in 
this clayey soil. This soil is well suited to cultivated 
crops if drainage is adequate and if flooding is con- 
trolled. Undrained and unprotected areas are better 
suited to pasture. Capability unit IIw-2. 


Planning the use and management of 
the soils 


The soil survey is a detailed analysis and evaluation 
of the most basic resource of the survey area—the 
soil. It may be used to fit the use of the land, including 
urbanization, to the limitations and potentials of the 
natural resources and the environment and to help 
avoid soil-related failures in uses of the land. 

During a soil survey, soil scientists, conservation- 
ists, engineers, and others keep extensive notes, not 
only about the nature of the soils but also about unique 
aspects of behavior of these soils in the field and at 
construction sites. These notes included observations 
of erosion, drought damage to specific crops, yield es- 
timates, flooding, the functioning of septic systems, 
and other factors relating the kinds of soil and their 
productivity, potentials, and limitations under various 
uses and management. In this way field experience 
incorporated with measured data on soil properties 
and performance is used as a basis for predicting soil 
behavior. 

Information in this section will be useful in apply- 
ing basic facts about the soils to plans and decisions 
for use and management of soils for crops and pasture, 
woodland, and many nonfarm uses, including build- 
ing sites, highways and other transportation systems, 
sanitary facilities, parks and other recreational devel- 
opments, and wildlife habitat. From the data pre- 
sented, the potential of each soil for specified land 
uses may be determined, soil limitations to these land 
uses may be identified, and costly failures in homes 
and other structures, because of unfavorable soil prop- 
erties, may be avoided. A site can be selected where 
the soil properties are favorable, or practices can be 
planned that will overcome the soil limitations. 

Planners and others using the soil survey can eval- 
uate the impact of specific land uses on the overall 
productivity of the survey area or other broad plan- 
ning area, and on the environment. Both of these 
factors are closely related to the nature of the soil. 
Plans can be made to maintain or create a land use 
pattern in harmony with the natural soil. 

Contractors can find information useful in locating 
sources of sand and gravel, road fill, and topsoil. Other 
information indicates the presence of bedrock, wet- 
ness, or very firm soil horizons that cause difficulty in 
excavation. 

Health officials, highway officials, engineers, and 
many other specialists can find useful information in 
this soil survey. The safe disposal of wastes, for ex- 
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ample, is closely related to properties of the soil. Pave- 
ments, sidewalks, campsites, playgrounds, lawns, trees 
and shrubs, and most other uses of land are influenced 
by the nature of the soil. 


Crops and pasture 


About 80 percent of the land in Sac County is used 
for cultivated crops. Corn and soybeans are the major 
row crops. As a general rule, the usefulness of a soil 
is measured by its suitability for these two crops. 
Oats and alfalfa-bromegrass hay are also important. 
Other kinds of hay and sorghum and popcorn are 
among the other crops grown to a lesser extent. 

Erosion is considered to be the major hazard on 
about 64 percent of the cropland; wetness on about 23 
percent; and droughtiness on about 5 percent. The 
other 8 percent is nearly level soils that have no major 
limitations to use. 

Among the erosion control methods used in the 
county are contour tillage, diversions, and cropland 
terraces; rotations that include grasses and legumes; 
minimum tillage; grassed waterways; returning crop 
residue to the soil; and fertility management. Gen- 
erally, a combination of several practices is used. 

The percolation rate on the soils of Sac County is 
high enough so that terraces can be built with level, 
rather than graded, channels. Fertility management is 
important on all the soils. Without it, plant cover is 
often sparse and erosion is more difficult to control. 
Chemical fertilizers are widely used. Also, because of 
numerous livestock in the county, manure is readily 
available and is used on most farms. Legumes are 
commonly grown as a green manure crop. 

Soil blowing is a hazard on all soils used for crops, 
especially in fields that are plowed in fall after soy- 
beans are harvested. Plowing in fall generally has 
little or no advantage over plowing in spring for main- 
taining good tilth, but it is suitable for soils in some of 
the drainageways or on bottom lands and for exten- 
sive areas of poorly drained soils in the eastern part 
of the county. 

The soils that have a wetness hazard generally can 
be tiled if a suitable outlet is available. A surface 
drainage system is generally more practical for the 
fine textured soils on bottom lands, such as Zook and 
Nishna soils. 

In most years, rainfall and stored soil moisture are 
adequate for the commonly grown crops, but in most 
places where fertility is good, insufficient moisture 
commonly limits yields. Insufficient moisture generally 
is not a major limitation, and very few irrigation sys- 
tems have been installed. 

About 10 percent of the county is in pasture. There 
are three general types: (1) pastures on uplands 
where many of the soils are too steep for the use of 
machinery; (2) pastures on moderately steep to 

steep soils that can be worked with machinery; and 
(3) pastures that are in depressions, on flood plains, 
or in drainageways. 

Controlled grazing of pastures on the very steep 
soils is needed. Any renovation or reseeding is done 
by hand. These pastures have native grasses such as 
big bluestem, little bluestem, and side-oats grama. 
There are thin stands of trees in places. 


Pastures on soils where farm machinery can be used 
are generally in bromegrass or alfalfa-bromegrass. 
These pastures can be plowed and reseeded if neces- 
sary. Usually corn is planted the first year and the 
soil is then resceded. Other practices that can be used 
are applying fertilizer by topdressing or disking and 
reseeding in the old sod. . 

Pastures in depressions, on flood plains, and in 
drainageways are made up of bluegrass. If flooding is 
controlled or drainage systems are installed, these pas- 
tures can be converted to crops. If flooding is not con- 
trolled and drainage systems are not used, bluegrass 
is suited to these pastures. Practices that can be used 
are controlled grazing, fertilization, and, if needed, 
renovation. Weed control is especially important be- 
cause of the weed seed carried by floodwaters. 


Yields per acre 


The per acre average yields that can be expected of 
the principal crops under a high level of management 
are shown in table 2. In any given year, yields may be 
higher or lower than those indicated in table 2 because 
of seasonal variations in rainfall and other climatic 
factors. Absence of a yield estimate indicates that the 
crop is not suited to or is not commonly grown on the 
soil, 

The predicted yields are based mainly on the ex- 
perience and records of farmers, conservationists, and 
Extension agents. Results of field trials and demon- 
strations and available yield data from nearby coun- 
ties were also considered. 

The latest soil and crop management practices used 
by many farmers in the county are assumed in pre- 
dicting the yields. Hay and pasture yields are pre- 
dicted for varieties of grasses and legumes suited to 
the soil. A few farmers may be using more advanced 
practices and are obtaining average yields higher than 
those shown in table 2. 

The management needed to achieve the indicated 
yields of the various crops depends upon the kind of 
soil and the crop. Such management provides drain- 
age, erosion control, and protection from flooding ; the 
proper planting and seeding rates; suitable high- 
yielding crop varieties; appropriate tillage practices, 
including time of tillage and seedbed preparation and 
tilling when soil moisture is favorable; control of 
weeds, plant diseases, and harmful insects; favorable 
soil reaction and optimum levels of nitrogen, phos- 
phorus, potassium, and trace elements for each crop; 
effective use of crop residue, barnyard manure, and 
green-manure crops; harvesting crops with the small- 
est possible loss: and timeliness of all fieldwork. 

The predicted yields reflect the relative productive 
capacity of the soils for each of the principal crops. 
Yields are likely to increase in the future as new pro- 
duction technology is developed. The relative produc- 
tivity of a given soil compared to other soils, however, 
is not likelv to change. 

Crops other than those shown in table 2 are grown 
in the survey area, but because their acreage is small, 
predicted yields for these crops are not included. The 
local offices of the Soil Conservation Service and the 
Cooperative Extension Service can provide informa- 
tion about the productivity and management concerns 
of the soils for these crops. 
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TABLE 2.—Yields per acre of crops and pasture 


[All yields were estimated for a high level of management in 1975, Absence of a yield figure indicates the crop is seldom grown 
or is not suited] 


SS 
i Grass- Smooth Kentucky 
Map symbol and soil name Corn Soybeans Oats legume hay | bromegrass bluegrass 
Bu Bu Bu Tona AUM! AUM?! 

1D3: 

Vda tt oe ee 68 26 52 4.0 2.8 
1E3: 

Uap we  e 54 20 41 3.0 1.7 
1F3: 

Wei cede te oe aes oe beaae ee ee. ceahaiemec decal ees a 2.8 1.2 
5B: 

Kennebec-Ackmore __.-_______________ 114 43 91 6.8 41 
CSB: 

Kennebec-Ackmore —~~.--_-_.____-_____|-_____________ |---| 6.0 3.8 
6: h 

OkOb0}i. oosnes sees be 78 30 62 29 4.6 3.1 
eC: 

DUISON eons ose ee to 110 41 88 4.8 6.7 3.7 
9B: ; 

Marshall i 22-.-s-o4e0e5 oppo 101 88 86 4.0 6.0 3.8 
9B2: 

Marshall 22-<5-.<----casossen--2--2) 98 37 85 4.0 5.9 3.7 
9C: 

Marshall ~------.-.---------_________ 96 86. 81 3.9 5.8 3.6 
9C2: 

Marshall) oon coche ene 93 85 75 3.8 5.6 3.6 
9D2: 

Marshall ~__-.----.--__________ 84 31 68 8.4 4.8 3.5 
9D3: 

Marshall ~~ ~-...--_--_____ 78 29 64 8.2 46 2.8 
10D3: 

Monona ____._-_____ 15 28 56 29 44 2.7 
1OE3: 

Monona: ooo ee ee 60 23 45 2.3 3.3 2.3 
11B: 

Colo-Ely ~----_-----____________ 86 32 70 3.3 49 3.38 
24C2: 

Shelby 22.22. 2025 86 32 70 3.3 4.9 3.3 
24D2: 

Shelby: 22322 ooh he Bo Se 16 28 BT 3.0 4.3 2.7 
24E2 

Shelby: 2.2 cc neo a el, 66 25 48 2.3 3.7 2.8 
26B: 

Hennebee 22.5 oui ee eat ae 111 42 88 4.4 6.7 4.2 
27C: 

Werril,. 202.6 Joe gos se 100 38 80 4.0 6.0 3.8 
31: 

Afton: 222 oc. eee cans 98 87 79 3.8 5.9 3.7 
33E, 33F: 

DlCINAUCHS sence a in ee ee ee I 2.0 2.0 
41D: 

Sparta: wiececoss es tl a se es ee lle ee et ee, 2.0 2.0 
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TABLE 2.—Yields per acre of crops and pasture—Continued 


Map symbo! and soil name 


55: 
Nicollét:2nc2-2c5-40sccesceuunstesoesss 


62C; 
Storden. <.-2625-2s--2-5-2--seeee se 


62D: 
Storden: a2se.c- soos season cee 


62E: 
Storden: cscc ose ee nes sose es ele see 


62F; 
Storden. s2225-4-~-55--- 2 


62G: 
BtOPCeh 2226 ce ees 


73C, 73D: 
Salida, 22ers en he 


al 


Grass- 
legume hay 


Primghar Siecelenecbscsecuclcccen ede 


92: 
Mareus once ssleee Soeec cece ceceeccs 


108: 
Wadena: sccescsecsecs secke access ncus 


108C2: 


Tons 


3.7 


44 


3.2 


2.9 


2.4 


2.5 


1.5 


3.9 


3.8 


3.7 


3.6 


3.9 


3.8 


3.7 


3.6 


4.3 


41 


3.4 


4.0 


2.7 


2.6 


2.3 


4.0 


3.5 


Smooth 
bromegrass 


AUM* 


6.0 


5.3 


Kentucky 
bluegrass 


AUM! 


3.7 


4.0 


3.3 


2.7 


2.3 


2.0 


2.0 


1.6 


3.7 


3.7 


3.7 


3.6 


3.7 


3.7 


3.7 


3.6 


3.8 


3.8 


3.6 


3.7 


2.5 


2.3 


2.2 


4.0 


3.7 
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TABLE 2.—Yields per acre of crops and pasture—Continued 


i Grass- Smooth Kentucky 
Map symbol and soil name Corn Soybeans Oats legume hay | bromegrass bluegrass. 
Bu Bu Bu Tons AUM! AUM! 

135: 

Coland 2-65 ae 102 89 81 4.0 6.0 3.9 
135B: 

Goland'2 =o 5 2a a 100 38 80 4.0 5.9 3.8 
138B: 

Clarion ~_---_-_--------_- 100 38 80 4.0 6.0 3.8 
138C: 

Clarion) eve aoa totes 95 36 16 3.8 5.7 3.7 
138C2:_ 

Glavion gcse 2) et 92 85 74 3.7 5.4 3.7 
138D2:_ 

GIATION: wee 83 81 66 3.3 48 3.3 
174B: 

BOlAN” oes seo 17 29 62. 2.9 4.5 2.7 
174C2: 

Bolan j22 eet eee 68 26 57 2.6 3.8 2.4 
174D2: : 

Bolan, ses fes hese ee 60 23 50 2.3 8.3 2.3 
2018: 

Coland-Spillville _--_-_____-__-__-__--__ 86 32 67 3.3 5.0 3.5 
C201B: 

Coland-Spillville ~----.--._--__--____-_ | 4.9 3.4 
202; 

Cylindér 222 Scent ee 82 81 66 3.2 4.8 3.2 
203: 

Cylinder ~------_----- 96 36 7 3.8 5.8 3.7 
221: 

Pals: 2236 seseteeee se 84 32 67 3.8 49 3.3 
234: : 

Nishna ~~. ------.-...-_--___- 90 84 72 3.5 5.2 3.7 
2368: 

Lester .. o-oo ee 95 35 73 8.6 5.5 3.7 
259: 

GBISCAYs Saat soe oe et 93 35 74 3.6 5.4 3.8 
274: 

Rolfe 22520065 Boon os ee ts 81 30 64 8.0 46 3.3 
308: 

Wadena -.._---__-_-- 85 32 68 3.4 5.0 3.6 
308B: 

Wadena ~-_---____--_ 80 30 64 3.2 4.7 3.3 
310: 

Galva —~--.---_.--_---_ 102 389 82 4.0 6.1 3.7 
3108: 

Galva .----_--_--_-.--- 100 38 81 4.0 6.0 3.7 
310B2: : 

GalVa: 2222-0005 22. So aoa ee «OF 87 78 3.9 5.8 3.6 
310C: 

Galva. oa sosc eso ee 95 36 16 3.8 5.5 8.5 
310C2: 

Galva --2----___-_ 92 35 74 3.7 5.4 3.3 
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TABLE 2.— Yields per acre of crops and pasture—Continued 


. Grass- Smooth Kentucky 
Map symbol and soil name Corn Soybeans Oats legume hay | bromegrass bluegrass 
Bu Bu Bu Tons AUM?! AUM! 

T310: 

Gal¥a:. exsovsscoccosscoeacecosansecsce 102 39 82 4.0 6.1 3.7 
T310B 

Gal¥a . 22s e settee ete ok 100 38 81 4.0 6.0 3.7 
315: 

Alluvial land! os 2c2so5s2-saS sone lis SS ea es 2.5 
323B 

(POPP vec oe Soe ee 95 82 6 3.8 5.7 3.7 
325: 

Te Sueur’ 220 ee eee es 106 40 85 42 6.5 4.0 
354: 

Marsh) .2 22223 coe eek a et en ea |e ee | eo oh oS Le 
384: 

Collinwood) 222-2222 256 sss os oscckee 93 85 74 3.7 5.5 3.7 
390: 

Waldorf sos22-seccsseusceleucensekes 85 82 68 3.38 4.9 8.5 
397B 

Lett osessecece segue cesesceucsccce$ 15 28 60 2.9 4.3 2.9 
428: 

Wily? closets es 104 40 83 4.2 6.3 3.9 
430: 

Ackmore __------~_--_____----_-_- 99 38 80 4.0 6.0 3.8 
430B: 

Ackmore:  223cSs.00 35622 97 37 77 3.9 5.8 3.7 
485: 

Spillville: -2o2oo22c- cesot eee 100 38 80 4.0 6.0 8.8 
485B: 

Spillville. .a.sss--Seeseen cls ce ceclose 98 87 78 4.0 5.9 3.8 
506: 

Wacousta: 222225. 65 e5ees 2 eee 98 35 74 3.6 5.4 8.7 
507: 

Canisted) a2. 25.25 osc ho ue sas 98 37 78 3.8 5.8 3.8 
Sil: 

Blue: Barth: \-s2n eee ek, 87 33 70 3.38 4,9 3.3 
559: 

Taledt: sswas2 fo se 88 833 70 8.4 5.0 3.2 
57702 

Byerly: j2os55soc2.e eres ole 86 32 68 8.4 5.1 3.1 
577D2 

Everly ectesseste eeu sec soe soc cee ec 77 28 60 3.0 4.5 2.5 
606: 

TAN YON) ctiscucceacewctewececwestu ee 88 81 67 8.2 4.8 3.4 
733: 

Caled) sscs-SatoccccrscuscccccceGchete. 92 35 74 3.6 5.3 3.7 
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TABLE 2.— Yields ver acre of crops and pastwre—Continued ; 


sci adaaidinal Soybeane | ee 
Tona AUM! AUM?! 
823B: 
Flagler -.---________-____ 2.5 1.7 
823C2: 
2.0 1.5 


Mle glen: oo ase ee 


* Animal-unit-month: The amount of forage or feed required to feed one animal unit (one cow, one horse, one mule, five 


sheep, or five goats) for a period of 80 days. 


Capability grouping 


Capability classification is the grouping of soils to 
show, in a general way, their suitability for most kinds 
of farming. It is a practical classification based on the 
limitations of the soils, the risk of damage when they 
are used for the ordinary field crops or sown pasture, 
and the way they respond to treatment. The classifi- 
cation does not apply to horticultural crops or to other 
crops that have their own special requirements for 
economical production. The soils are classified accord- 
ing to degree and kind of permanent limitations, but 
without consideration of major, and generally expen- 
sive, landforming that would change the slope, depth, 
or other characteristics of the soils, and without con- 
sideration of possible major reclamation (3). 

In the capability system, all the soils are grouped 
at three levels, the capability class, subclass, and unit. 
These are discussed in the following paragraphs. 

CAPABILITY CLASSES, the broadest grouping, are 
designated by Roman numerals I through VIII. As 
the numerals increase they indicate progressively 
greater limitations and narrower choices for practical 
use. The classes are defined as follows: 


Class I. Soils that have few limitations that re- 
strict their use. F 

Class II. Soils that have some limitations that 
reduce the choice of plants or require moderate 
conservation practices. ; 

Class III. Soils that have severe limitations that 
reduce the choice of plants, require special con- 
servation practices, or both. 

Class IV. Soils that have very severe limitations 
that restrict the choice of plants, require very 
careful management, or both. 

Class V. Soils that are subject to little or no 
erosion but have other limitations, impractical 
to remove, that limit their use largely to pas- 


ture, range, woodland, or wildlife food and- 


cover. 

Class VI. Soils that have severe limitations that 
make them generally unsuited to cultivation 
without major reclamation and limit their use 
largely to pasture, range, woodland, or wildlife 
food and cover. 

Class VII. Soils that have very severe limitations 
that make them unsuited to cultivation without 
major reclamation and restrict their use largely 


to range, woodland, or wildlife food and cover. 

Class VIII. Soils and landforms that have limita- 
tions that preclude their use for commercial 
plant production without major reclamation and 
restrict their use to recreation, wildlife water 
supply, or aesthetic purposes. (None in Sac 
County.) 


CAPABILITY SUBCLASSES are soil groups within one 
class. They are designated by adding a small letter, e, 
w, 8, or ¢, to the class numeral, for example, IIe. The 
letter shows that the main limitation is risk of erosion; 
w shows that water on or in the soil interferes with 
plant growth or cultivation; s shows that the soil is 
limited mainly because it is shallow, droughty, or 
stony; and c, used in some parts of the United States, 
but not in Sac County, shows that the chief limitation 
is climate that is too cold or too dry. 

In class I there are no subclasses, because the soils 
of this class have few limitations. Class V can contain, 
at the most, only the subclasses indicated by w, s, and 
c, because the soils in class V are subject to little or no 
erosion, though they have other limitations that re- 
strict their use largely to pasture, range, woodland, 
wildlife habitat, or recreation. 

CAPABILITY UNITS are soil groups with the sub- 
classes. The soils in one capability unit are enough 
alike to be suited to the same crops and pasture plants, 
to require similar management, and to have similar 
productivity and other responses to management, 
Thus, the capability unit is a convenient grouping for 
making many statements about management of soils. 
Capability units are generally designated by adding an 
Arabic numeral to the subclass symbol, for example, 
Ile-2, or IIIe-3. Thus, in one symbol, the Roman nu- 
meral designates the capability class, or degree of 
limitations; the small letter indicates the subclass, 
or kind of limitation, as defined in the foregoing para- 
graph; and the Arabic numeral specifically identifies 
the capability unit within each subclass. 


Management of soils by capability units 


On the following pages the capability units, or 
groups of soils that have similar management require- 
ments, are described. Some limitations are given, and 
suitable management is briefly discussed. To find the 
names of all soils in any given capability unit, refer to 
the “Guide to Mapping Units” at the back of the sur- 
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vey. The groupings of soils shown in this guide are 
subject to change as new methods are discovered or 
new information becomes available. 


CAPABILITY UNIT I-1 


This unit consists of nearly level or gently sloping, 
well drained and somewhat poorly drained soils mainly 
on uplands and stream benches, Slopes are 0 to 3 per- 
cent. The surface layer is loam or silty clay loam, The 
subsoil is dominantly loam, silty clay loam, clay loam, 
or sandy clay loam. Some soils have silty clay layers 
or a layer of loamy sand in the subsoil. Permeability 
is mainly moderately rapid, moderate, moderately 
slow, or slow, but in the substratum of some soils it is 
very rapid or rapid. Available water capacity is mod- 
erate to high. The organic matter content of the sur- 
face layer is moderate to high. The rooting zone is 
generally deep, but soils that have a sand and gravel 
substratum have a restricted rooting zone. Available 
phosphorus is generally very low or low in the surface 
layer and very low in the subsoil. Available potassium 
is medium or high in the surface layer of the soils that 
formed in loess, but it is low or medium in the surface 
layer of the soils that formed in glacial drift. Available 
potassium is very low or low in the subsoil. The reac- 
tion of the surface layer is slightly acid to neutral. 

These soils are used mainly for cultivated crops. 
They are well suited to row crops. Lime and fertilizer 
are beneficial on cultivated crops and forage crops. 

Row crops can be grown often on these soils. Tile 
drainage is beneficial on some of the soils that are 
adjacent to poorly drained and very poorly drained 
soils. Grassed waterways are used in places, especially 
on the soils that receive runoff from adjoining soils. 
Minimum tillage or contour farming, or both, are de- 
sirable practices, especially on long slopes that have a 
significant amount of runoff. A cropping system that 
includes oats or meadow improves tiltn and helps con- 
trol weeds and insects. Plowing in fall increases the 
hazard of soil blowing, but soil loss can be reduced by 
leaving a rough plowed surface and alternating plowed 
and unplowed strips. Chisel plowing, which leaves 
crop residue on the surface, greatly reduces soil blow- 
ing. 


CAPABILITY UNIT fle-1 


This unit consists of gently sloping, well drained to 
somewhat poorly drained soils mainly on uplands, 
stream benches, and bottom land. Slopes are mostly 2 
to 5 percent but range to as much as 7 percent in 
places. The surface layer is loam, silty clay loam, or 
silt loam. The subsoil is loam, silty clay loam, silt loam, 
clay loam, or sandy clay loam. Permeability is mod- 
erate or moderately rapid, and available water capac- 
ity is moderate or high. This unit includes some soils 
that have a substratum of sand and gravel that reduces 
available water capacity. The organic matter content 
is generally moderate to high but ranges to low. The 
rooting zone is generally deep, but it is restricted in 
the soils that have underlying sand and gravel. Avail- 
able phosphorus is medium to low in both the surface 
layer and the subsoil. Available potassium is medium 
to high in the surface layer of the soils that formed in 
loess or in loess-derived alluvium, and it is low to me- 
dium in the surface layer of the soils that formed in 


glacial material. Available potassium is low to very 
low in the subsoil. The reaction of the surface layer is 
slightly acid to neutral. 

These soils are used mainly for cultivated crops, but 
many soils on bottom lands are used for permanent 
pasture because they are in long, narrow areas adja- 
cent to steeply sloping soils that are poorly suited to 
row crops. All the soils in this unit are well suited to 
row crops and are moderately susceptible to erosion. 

Row crops can be grown often if the soils are ade- 
quately protected against erosion. Conservation prac- 
tices such as terracing, contour farming, and minimum 
tillage reduce erosion. Good tilth generally can be 
maintained by returning all crop residue to the soil. A 
cropping system that includes oats and meadow helps 
control weeds and insects. Where cuts for terraces ex- 
pose the subsoil, fertility and tilth generally can be 
restored in a few years by spreading a layer of topsoil, 
large amounts of crop residue, and manure over the 
cuts. Where they expose the firm subsoil, larger 
amounts of crop residue and a longer time are required 
to restore good tilth to these areas. Building terraces 
on the soils that formed in glacial deposits is difficult 
because the slopes are generally irregular. Diversion 
terraces are needed in .places to protect the soils on 
bottom lands from runoff. Grassed waterways are 
needed in places that receive runoff from adjoining 
soils. On all soils in this unit, adequate erosion control 
* needed: for intensive production of corn and soy- 

eans. 


CAPABILITY UNIT Ile-2 


This unit consists of gently sloping, well drained 
soils on uplands and benches, Slopes are 2 to 5 per- 
cent. The surface layer is loam. The subsoil is mainly 
loam or sandy clay loam, but some soils are loamy fine 
sand in the lower part of the subsoil. Permeability is 
moderately rapid or moderate in the upper part of the 
profile and very rapid or rapid in the substratum. 
Available water capacity is moderate. The organic mat- 
ter content of the surface layer is generally moderate. 
Depth of the rooting zone is restricted by sand and 
gravel. Available phosphorus is very low or low in the 
surface layer and very low in the subsoil. Available 
potassium is very low or low in the surface layer and 
subsoil. The reaction of the surface layer is slightly 
acid to neutral. 

These soils are used mainly for cultivated crops. 
Lime and fertilizer are beneficial for improved crop 
production. These soils have a friable surface layer 
and are easy to work, but they are moderately suscep- 
tible to both droughtiness and erosion. 

Row crops can be grown often if the soils are ade- 
quately protected against erosion. Conservation prac- 
tices such as terracing, contour farming, and minimum 
tillage reduce erosion and conserve moisture. However, 
terraces are not practical in many areas because of 
the underlying sand and gravel. A cropping system 
that includes oats and meadow helps maintain good 
tilth and helps control weeds and insects. In building 
terraces, deep cuts should be avoided because of the 
sandy or gravelly underlying material. 


; CAPABILITY UNIT Ilw-1 
This unit consists of nearly level and gently sloping 
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soils mainly on uplands and benches. These soils are 
mostly poorly drained and somewhat poorly drained, 
but they range from moderately well drained to very 
poorly drained. Slopes are 0 to 5 percent. The surface 
layer is silty clay loam, clay loam, silt loam, or loam. 
The subsoil is silty clay loam, silty clay, clay loam, 
sandy clay loam, sandy loam, silt loam, or loam. Per- 
meability is mainly moderate to moderately slow, but 
it is rapid in the soils that have a sand and gravel sub- 
stratum. Available water capacity is high or moderate. 
The organic matter content of the surface layer is high 
to moderate. The rooting zone is mainly deep, but it is 
restricted in the soils that have a sand and gravel sub- 
stratum. Available phosphorus is generally very low to 
medium in the surface layer and very low or low in the 
subsoil. Available potassium is very low to medium in 
the surface layer and very low or low in the subsoil. 
The reaction of the surface layer is generally slightly 
acid to moderately alkaline. 

These soils are used mainly for cultivated crops. 
They are well suited to row crops. Fertilizers are bene- 
ficial on soils used for cultivated crops and forage 
crops. These soils are fairly easy to till, but if tilled 
when. wet, they are likely to become hard and cloddy 
upon drying. 

Row crops can be grown often if the soils are ade- 
quately drained. Freezing, thawing, wetting, and dry- 
ing of these soils improve tilth. Better seedbeds can 
be prepared by plowing in fall, but this makes the 
soils susceptible to erosion and soil blowing. The ero- 
sion and soil blowing can be reduced by plowing in 
spring, leaving the surface unprotected as briefly as 
possible, and using tillage methods that leave residue 
on the surface. A cropping system that includes grasses 
and legumes improves tilth and helps control weeds 
and insects. Grassed waterways are needed in places. 
Tile drains function well in these soils except for a few 
places where suitable outlets are not available. Tile 
drainage helps to remove excess moisture, aerates the 
soils, and provides a deep rooting zone. 


CAPABILITY UNIT IIw-2 


This unit consists of nearly level, moderately well 
drained to poorly drained soils on bottom lands. Slopes 
are 0 to 2 percent. The surface layer is loam, silty clay, 
silty clay loam, or silt loam. The subsoil is silty clay 
loam, silty clay, clay loam, sandy clay loam, or loam. 
Permeability is moderate to slow, and available water 
capacity is high. The organic matter content of the 
surface layer is high in most of the soils but ranges 
to moderate in others. The rooting zone is deep. Avail- 
able phosphorus and potassium in the surface layer 
are high in some of the soils, but available phosphorus 
is very low and available potassium is low or medium 
in the calcareous soils and in the surface layer of the 
finer textured soils. Available phosphorus is medium or 
low in the subsoil. Available potassium is medium to 
very low in the subsoil. The reaction of the surface 
layer is mainly slightly acid to neutral, but the cal- 
careous soils are moderately alkaline. 

These soils are used mainly for cultivated crops. 
They are well suited to row crops if drainage is ade- 
quate and if flooding is controlled. Lime and fertilizer 
are beneficial on the soils used for cultivated crops and 
forage crops. The soils in this unit have a seasonal 


high water table and a moderate wetness limitation. 

Row crops can be grown often if the soils are ade- 
quately drained. These soils are generally plowed in 
fall because wetness may delay plowing in spring. 
Freezing, thawing, wetting, and drying of the areas 
that are plowed in fall improve tilth, Better seedbeds 
can be prepared by plowing in fall, but the soils 
are subject to soil blowing. Soil blowing can be reduced 
by leaving a rough plowed surface and alternating 
plowed and unplowed strips. Chisel plowing, which 
leaves crop residue on the surface, also reduces soil 
blowing. A cropping system that includes oats and 
meadow improves tilth and helps control weeds and 
insects. Grassed waterways are needed in places for 
erosion protection. Tile drainage systems are com- 
monly used, but they function slowly in the finer tex- 
tured soils. Outlets are difficult to establish in places. 
Surface drainage is used in places. 


CAPABILITY UNIT IIs~1 


This unit consists of nearly level, well drained to 
somewhat poorly drained soils in glacial outwash areas 
and on stream terraces. Slopes are 0 to 2 percent. The 
surface layer is loam. The subsoil is dominantly loam, 
clay loam, or sandy clay loam. These soils have sand 
and gravel at a depth of 24 to 32 inches. Permeability 
is moderate or moderately rapid above the sand and 
gravel and rapid to very rapid in the sand and gravel. 
Available water capacity is moderate. The organic 
matter content of the surface layer is moderate to 
high. Available phosphorus is very low in the surface 
layer and subsoil. The reaction of the surface layer is 
slightly acid to neutral. ; ; 

These soils are used mainly for cultivated crops. 
They are well suited to corn, soybeans, small grain, and 
alfalfa. They are moderately susceptible to droughti- 
ness. . _ 

Row crops can be grown often on these soils. Mini- 
mum tillage and, where slopes are steep enough, 
contour farming are practices that help to conserve 
moisture. A cropping system that includes oats and 
meadow improves tilth and helps control weeds and 
insects. Plowing in the fall increases the hazard of soil 


blowing, but soil loss can be reduced by leaving a rough 


plowed surface and alternating plowed and unplowed 
strips. Chisel plowing, which leaves crop residue on the 
surface, reduces soil blowing and helps to conserve 
moisture. 


CAPABILITY UNIT Ile-1 


This unit consists of moderately sloping, moderately 
well drained to somewhat excessively drained soils on 
uplands and benches. Slopes are 3 to 9 percent. The 
surface layer is silty clay loam, clay loam, or loam. 
The subsoil is silty clay loam, clay loam, or loam. Per- 
meability is moderate to moderately slow, and avail- 
able water capacity is high. The organic matter content 
of the surface layer is high to low, depending partly 
on the extent of erosion. The rooting zone is deep in all 
of these soils. Available phosphorus is very low to 
medium in the surface layer and low or very low in the 
subsoil, Available potassium is medium to high in the 
surface layer of the soils that formed in loess or loess- 
derived alluvium, and it is medium to low in the surface 
layer of the soils that formed in glacial material. Avail- 
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able potassium is mainly very low in the subsoil, but it 
is high in the soils that formed in glacial till. The reac- 
tion of the surface layer is generally slightly acid to 
neutral, but in the calcareous soils the surface layer is 
moderately alkaline. 

These soils are used for cultivated crops and pasture. 
They are moderately well suited to row crops. Lime 
and fertilizer are beneficial on the soils used for cul- 
tivated crops and forages. The soils in this unit have 
a friable surface layer and are highly susceptible to 
erosion. ; 

Row crops can be grown on these soils if the soils 
are adequately protected against erosion. Conservation 
practices such as terracing, farming on the contour, 
and minimum tillage reduce erosion. Cropping systems 
that include small grain and meadow are needed to 
control erosion where terraces are not used. Terraces 
can be built and farmed easily on the soils that formed 
in loess because they have long, uniform slopes. Some 
of the soils that formed in glacial till have short, ir- 
regular slopes, so building terraces on these soils is 
more difficult. Where cuts for terraces expose the sub- 
soil, special practices must be used to restore fertility 
and. tilth. Diversion terraces are needed in places to 
protect the soils.on foot slopes from runoff. In places, 
grassed waterways are needed to protect the soils 
against erosion. When row crops are grown on the 
moderately sloping soils, erosion control practices are 
necessary. Maintaining good tilth usually is not diffi- 
cult on these soils. 


CAPABILITY UNIT Ille-2 


This unit consists of strongly sloping, well drained 
and somewhat excessively drained soils on uplands. 
Slopes are 9 to 14 percent. The surface layer is silty 
clay loam, silt loam, clay loam, or loam. The subsoil is 
silt loam, silty clay loam, clay loam, or loam. Perme- 
ability is moderate to moderately slow, and available 
water. capacity is high. The organic matter content 
of the surface layer is moderate to low. Rooting 
zone is deep. Available phosphorus is very low in the 
subsoil. Available potassium is medium to high in the 
surface layer of the soils that formed in loess, and it 
is medium to low in the soils that formed in glacial 
till. Available potassium is mainly very low to low in 
the subsoil, but it is high in one soil. The reaction of 
the surface layer is mainly slightly acid to neutral, but 
it is moderately alkaline in some soils. 

These soils are used for corn, soybeans, oats, alfalfa, 
and pasture. They are moderately suited to row crops. 
These soils are highly susceptible to erosion. 

Row crops can be grown if the soils are adequately 
protected against erosion. Conservation practices such 
as terracing, contour. farming, and minimum tillage 
help to reduce erosion. Building terraces on these soils 
is very difficult in places because of short, irregular 
slopes. Grassed waterways are needed in places to pro- 
tect the soils against runoff and erosion. 


CAPABILITY UNIT Ille~3 
This unit consists of gently sloping to moderately 
sloping, well drained to somewhat excessively drained 
soils on uplands and benches. Slopes are 2 to 9 percent. 
The surface layer is loam or sandy loam. The subsoil 


is loam, sandy loam, fine sandy loam, or sandy clay 
loam. The substratum is sand or gravel. Permeability 
is moderate to moderately rapid and rapid or very 
rapid in the substratum. Available water capacity is 
moderate to low. The organic matter content of the 
surface layer is moderate to low. Available phosphorus 
and potassium are generally low to very low in the 
surface layer and subsoil. The reaction of the surface 
layer is medium acid to neutral. a 

These soils are used for crops and pasture. Fertilizer 
is beneficial on the soils used for cultivated crops and 
forage crops; however, applying fertilizer in large 
amounts is not suitable for these droughty soils. 
These soils are friable and are easy to till. They are 
highly susceptible to droughtiness, water erosion, 
and soil blowing. 

Row crops can be grown if the soils are adequately 
protected against erosion. Conservation practices such 
as contour tillage and minimum tillage help to re- 
duce erosion and conserve moisture. A cropping system 
that includes a large proportion of small grain and 
meadow can also be used in controlling erosion. These 
soils are not well suited to terraces, because of the 
underlying sand or gravel. If terraces are built, deep 
cuts that expose sand and gravel at the surface should 
be avoided. ‘ 


CAPABILITY UNIT IiIw-1 


This unit consists of very poorly drained and poorly 
drained soils in potholes or in depressions. Slopes are 
0 to 1 percent. The surface layer is silty clay loam, 
silty clay, loam, or muck. The subsoil is silty clay loam, 
silty clay, clay loam, or clay. Permeability is moderate 
to slow, and available water capacity is high. The 
organic matter content of the surface layer is generally 
high, but it is moderate in one soil. The rooting zone is 
mainly deep, but root growth is often restricted by a 
seasonal high water table, Available phosphorus and 
potassium are very low to low in the subsoil. The reac- 
tion of the surface layer is moderately alkaline to me- 
dium acid. 

These soils are used for cultivated crops if drainage 
is adequate and they are suited to this use. If not 
drained, they are generally used for pasture. Small 
undrained areas within large cultivated areas are left 
idle in most years and provide habitat for aquatic wild- 
life. Fertilizer is beneficial on soils used for cultivated 
crops and forage crops. The soils on depressions often 
become ponded after rain or from runoff in spring. 
They also have a seasonal high water table. They are 
normally too wet to cultivate unless artificially 
drained. 

Row crops can be grown often if the soils are ade- 
quately drained. Tile drains, shallow ditches, and open 
inlets leading to tile lines are commonly used for quick 
removal of surface water. Tile drains are only fairly 
effective on the slowly permeable soils. 

Maintaining a good drainage system is important 
because it lowers the water table enough to provide a 
deep rooting zone for plants. Many small areas of these 
soils are artificially drained so that they can be farmed 
with large areas of soils that are well suited to row 
crops. If these small areas are not drained, field opera- 
tions are delayed or the soils are not farmed. 
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CAPABILITY UNIT IVe-1 


This unit consists of moderately steep, well drained 
and somewhat excessively drained soils. Slopes are 14 
to 20 percent. The surface layer is silt loam or loam. 
The underlying material is silt loam, silty clay loam, or 
loam. Permeability is moderate, and available water 
capacity is high. The organic matter content of the 
surface layer is moderate to low. The rooting zone is 
deep. Available phosphorus is very low to low in the 
surface layer and underlying material. Available po- 


tassium is medium to high in the surface layer of the - 


soils that formed in loess, and it is low in the soils 
that formed in glacial till. Available potassium is very 
low in the subsoil. The reaction of the surface layer is 
slightly acid to moderately alkaline. 

These soils are used for pasture and cultivated crops. 
They are moderately suited to row crops. The calcar- 
eous soils have a high content of lime. Fertilizer is 
beneficial on the soils used for forage crops and culti- 
vated crops. These soils are highly susceptible to ero- 
sion. 

Row crops can be grown if the soils are adequately 
protected against erosion. Using conservation prac- 
tices such as terracing, contour farming, grassed water- 
ways, and minimum tillage helps to reduce erosion 
(fig. 6). However, these conservation practices alone 


are.seldom adequate for preventing runoff and ero- 
sion; a cropping system that includes hay and pasture 
is also needed. : 

Building terraces on these soils is very difficult be- 
cause of the moderately steep, short, irregular slopes. 
In a commonly used cropping system, corn is grown 
on the contour for a year and then the soil is reseeded 
to meadow or pasture that is not renovated until the 
stand becomes thin. 


CAPABILITY UNIT 1Ve-2 


This unit consists of well drained to excessively 
drained, strongly sloping and moderately sloping soils. 
Most of these soils are on convex side slopes. Slopes 
are 5 to 14 percent. The surface layer is loam or 
gravelly loamy sand. The subsoil is loam, loamy fine 
sand, or gravelly sand, Permeability is moderate to 
very rapid in the upper part of these soils and rapid or 
very rapid in the underlying material. Available water 
capacity is moderate to low. The organic matter con- 
tent of the surface layer is moderate to low. The root- 
ing zone is restricted by sand and gravel. Available 
phosphorus and potassium in the surface layer and 
subsoil are low to very low. The reaction of the sur- 
face layer is slightly acid to mildly alkaline. 

Many areas of these soils are used for cultivated 


Figure 6.—Conservation practices on Monona and Ida soils in capability unit IVe-1. Marshall soils are in the less sloping areas, and 
Kennebec and Ackmore soils are in the drainageways. 
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crops, but most areas are used for hay and pasture. 
Some areas are in permanent pasture. These soils are 
well suited to hay and pasture. 

A row crop is commonly grown when stands of 
legumes and grasses become poor and need to be plowed 
and reseeded. These soils are susceptible to severe 
sheet and gully erosion. Contour tillage and minimum 
tillage are practices used to control erosion. Terraces 
are not well suited, because of the coarse texture of 
the underlying material. Where terraces are built, it 
is important to make cuts as shallow as possible. Also, 
heavy applications of fertilizers and manure are 
needed on the disturbed areas to help plant growth. 
Organic matter in the form of crop residue, barn- 
yard manure, or plowed-under green manure improves 
available water capacity and increases fertility. 


CAPABILITY UNIT Vw-1 


This unit consists of nearly level and gently sloping 
soils, most of which are moderately well drained to 
poorly drained. These soils are in drainageways and 
on bottom lands that are dissected by stream channels. 
They are frequently flooded. Slopes are 0 to 5 percent. 
These soils have a wide range of properties because 
they formed in mixed alluvium. The ranges that follow 
are the dominant ones for the soils in this unit. The 
surface layer and subsoil are silty clay loam, loam, clay 
loam, and silt loam. Permeability is moderately slow 
or moderate, and available water capacity is high. The 
organic matter content of the surface layer is moder- 
ate to high. Available phosphorus and potassium in the 
surface layer and subsoil are low to medium. The re- 
action of the surface layer is slightly acid to neutral. 

These soils are mainly used for pasture. They are 
cut by stream channels or are frequently flooded, or 
both; thus, they are seldom cultivated. Pastures are 
generally unimproved and commonly contain trees 
and brush. Most wooded areas have poor stands and 
are commonly grazed. 

A few areas are used for wildlife habitat and for 
recreation. These soils are poorly suited to row crops. 
However, many areas are suitable for improved pas- 
tures. Lime is needed on’ some of the soils, and fertili- 
zers are beneficial on pastures. These soils are normally 
too wet for cultivation. Many areas are inaccessible 
with farm machinery because the channels are not 
crossable. ; 

Reed canarygrass, birdsfoot trefoil, or a mixture 
of birdsfoot trefoil and bluegrass provides excellent 
pasture on these soils where flooding is not too severe. 
It is practical to fence livestock out of some wooded 
areas and manage these areas as woodland. If areas 
are to be developed for wildlife habitat, a mixed stand 
of conifers, hardwood trees, shrubs, sedges, and grasses 
ris a wetness and flooding can be planted 

g. 7). 


CAPABILITY UNIT VIe-1 


This unit consists of moderately sloping to steep, 
moderately well drained to somewhat excessively 
drained soils on uplands. Slopes are 9 to 40 percent. 
The surface layer and subsoil are clay loam, loam, and 
silt loam. Permeability is moderate to moderately 
slow. Available water capacity is high, but the amount 
of moisture absorbed generally is low because of the 


rapid runoff. The organic matter content in the sur- 
face layer is moderate to low. Available phosphorus is 
low or very low in the surface layer and subsoil. Avail- 
able potassium is mainly low to medium in the surface 
layer, but it is high in the soils that formed in loess. 
Available potassium is low to very low in the subsoil 
of the calcareous soils and high in the soils that are 
leached of lime. The reaction of the surface layer is 
slightly acid to moderately alkaline. 

Most areas are in pasture, and many of these have 
been used for cultivated crops. Some areas are planted 
to row crops, especially small areas adjacent to soils 
that are better suited to cultivation. The soils in this 
unit are not generally suited to row crops because of 
the steepness of slope, the hazard of erosion, and low 
fertility. Poor tilth is also a management concern on 
some of the soils. 

In many areas it is feasible to operate farm ma- 
chinery for renovation of pasture and for seeding of 
grasses and legumes to improve carrying capacity. A 
few areas are too rocky to prepare a seedbed. Grazing 
control is an important management practice that in- 
creases productivity and limits further erosion. Al- 
falfa and bromegrass are among the plants generally 
used in pasture renovation. 


CAPABILITY UNIT Vie-1 


Sparta loamy fine sand, 5 to 14 percent slopes, is the 
only soil in this unit. This excessively drained, mod- 
erately eroded soil is on uplands and has a surface 
layer of loamy fine sand. The subsoil is sand. Perme- 
ability is very rapid, and available water capacity is 
low. The organic matter content is moderately low to 
low. Available phosphorus and potassium are low or 
very low in the surface layer and very low in the sub- 
soil. The reaction of the surface layer is medium acid. 

Many areas of this soil are small and are planted to 
cultivated crops with areas of soils that are better 
suited to cultivation. Other areas are used for hay or 
pasture because the hazards of drought, water erosion, 
and soil blowing make this soil generally unsuitable 
for row crops. If the soil is used for pasture, grazing 
control is important to maintain a vegetative cover. 
Tillage that leaves crop residue on the surface or ad- 
ditions of straw manure or other mulches are generally 
beneficial and help to prevent erosion and damage to 
new seedings from blowing sand. Terraces built on 
this soil are not stable. Terracing the soils that are 
upslope from this soil helps to reduce runoff and the 
hazard of erosion. Conservation practices such as con- 
tour farming and minimum tillage help to reduce ero- 
sion and conserve moisture. 


CAPABILITY UNIT Vile-1 


Storden loam, 25 to 40 percent slopes, is the only 
soil in this unit. This excessively drained soil is on 
uplands and has a surface layer and subsoil of loam. 
Permeability is moderate, and available water capac- 
ity is high. Because of rapid runoff, the amount of 
moisture that percolates into the soil is generally low. 
The organic matter content of the surface layer is low. 
Available phosphorus and potassium in both the sur- 
face layer and subsoil are low. The reaction of the 
surface layer is moderately alkaline. 

Almost all areas of this soil are used for pasture. 
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Figure 7.—Alluvial land along the Raccoon River typically supports scattered trees and brush. Alluvial land is in capability unit Vw-1. 


Some areas have stands of trees. Steep slopes limit 
the use of this soil. Gullies are a hazard in places. This 
soil is suited to permanent pasture, woodland, wildlife 
habitat, or recreational uses. Because of the steep, ir- 
regular slopes and the gullies, the use of farm ma- 
chinery to renovate pastures is impractical. Fertilizers, 
especially phosphates, are beneficial in the areas used 
for native prairie grass pasture, which grows poorly 
without some additional nutrients. 

Controlled grazing and weed and brush control are 
needed on the permanent pastures to maintain a good 
stand. The areas used for woodland require protection 
from grazing by livestock. Also, the cutting of the 
undesirable trees is needed to improve the stands. 


CAPABILITY UNIT VIilw-1 


This unit consists of only Marsh, which is covered 
by water much of the time. These areas are unsuitable 
for most types of farming because of very poor drain- 
age. Willows, cattails, rushes, sedges, and other water- 
tolerant plants. grow well in these areas. The Marsh 
areas provide food and cover for waterfowl, muskrats, 
and upland game. The potential for wildlife habitat in 
these areas can be improved by using management 
that maintains a constant water level. 


Windbreaks and environmental plantings 


Windbreaks are established to protect livestock, 
buildings, and yards from wind and snow. Windbreaks 
also help protect fruit trees and gardens, and they 
furnish habitat for wildlife. Several rows of both 
broadleaf and coniferous species provide protection 
against wind. ; 

Field windbreaks are narrow plantings made at 
right angles to the prevailing wind. They are at spe- 
cific intervals across the field, depending on the erodi- 
bility of the soil. They protect the soil and the crops 
from wind, and they hold snow on the fields. — 

Environmental plantings help to beautify and 
screen homes and other buildings and help to lessen 
the noise level. The plants, mostly evergreen shrubs 
and trees, are closely spaced. If a healthy stock of 
suitable species is planted properly on a well prepared 
site and maintained in good condition, the plants have 
a high degree of survival. 

Table 3 shows the height that locally adapted trees 
and shrubs are expected to reach on various kinds of 
soils in 20 years. The estimates in table 3, based on 
measurements and observation of established plant- 
ings that have been given adequate care, can be used 
as a guide in planning windbreaks and screens. Addi- 
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TABLE 3.—Windbreaks and environmental plantings 


[Absence of an entry means soil does not normally support trees of this height class] 


Trees and shrubs having predicted 20-year average heights, in feet, of— 


Map symbol and 


soil name 
Less than 8 
1D3, 1£3, 1F3: 
©. Scieiad oe ated European 
cotoneaster, 
mockorange. 
5B: 

Kennebec part ~----- Arrowwood, 
mockorange. 

Ackmore part —-~--- Silky dogwood, 
arrowwood, 

CSB: 

Kennebec part ~-----~ Arrowwood, 
mockorange. 

Ackmore part ~--_-~ Silky dogwood, 
arrowwood. 

6: 

Okoboji ------------ Silky dogwood, 
American 
cranberrybush. 

8c: : 

Judson —~--.--.-.---- Arrowwood, 
mockorange, 

9B, 9B2, 9C, 9C2, 9D2, 9D3: 

Marshall ~------~--- European 
cotoneaster, 
mockorange. 

10D3, 10E3: 

Monona —---~~~---~- European 
cotoneaster, 
mockorange. 

11B: 

Colo part -..--.--.- Silky dogwood, 
American 
eranberrybush. 

Ely part .......... Arrowwood, 
mockorange. 


8 to 15 


Siberian peashrub, 
gray dogwood. 


Siberian peashrub, 
American plum, 
lilac. 


Lilac, forsythia ... 


Siberian peashrub, 
American plum, 
lilac. 


Lilae, forsythia .-_ 


Northern white- 
cedar. 


Tatarian honey- 
suckle, lilac. 


Siberian peashrub, 
gray dogwood. 


Siberian peashrub, 
gray dogwood. 


Lilac, American 
plum. 


Lilac, forsythia —___ 


16 to 25 


Blue spruce, 
Norway spruce, 
white spruce, 
European larch, 
eastern redcedar, 
hackberry, 
Douglas-fir. 


Red pine, eastern 
redcedar, — 
Russian-olive. 


Blue spruce, 
Norway spruce, 
white spruce, 
eastern redcedar, 
Douglas-fir. 


Red pine, eastern 
redcedar, — 
Russian-olive. . 


Blue spruce, 
Norway spruce, 
white spruce, 
eastern redcedar, 
Douglas-fir. 


Hackberry, eastern 
redcedar, white 
spruce, Norway 
spruce, 


Red pine, blue 
spruce, Norway 
spruce, eastern 
redcedar, 
Douglas-fir. 


Blue spruce, 
Norway spruce, 
white spruce, 
eastern redcedar, 
Douglas-fir. 


Blue spruce, 
Norway spruce, 
white spruce, 
eastern redcedar, 
haeckberry. 


Hackberry, eastern 
redcedar. white 
spruce, Norway 
spruce. 


Norway spruce, 
hackberry. 


26 to 35 


Eastern white 
pine, red pine, 
Scotch pine, 
silver maple. 


Scotch pine, 
eastern white 
pine, blue spruce. 


Eastern white 
pine, red pine, 
Scotch pine, 
European larch, 
hackberry. 


Scotch pine, 
eastern white | 
pine, blue spruce. 


Eastern white pine, 
red pine, Scotch 
pine, European 
larch, hackberry. 


Silver maple, 
poplar, laurel 
willow, American 
sycamore, green 
ash. 


Eastern white 
pine, Scotch pine, 
European larch, 


Eastern white pine, 
red pine, Scotch 
pine, silver 
maple. 


Eastern white pine, 
red pine, Scotch 
pine, silver 
maple, Douglas- 
fir. 


Silver maple, 
laurel willow, 
American syca- 
more, poplar. 


Eastern white pine, 
Scotch pine, red 
pine. 


More than 35 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood, 
white ash. 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood, 
white ash. 


Green ash, eastern 
cottonwood. 


Eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Map symbol and 
soil name 


268: 
Kennebec 


27C: 
Terril 


33E, 33F; 
Steinauer 


&2C, 62D, 62E, 62F, 62G: 
Storden 


73C, 73D: 
Salida 
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TABLE 3.—Windbreaks and environmental plantings—Continued 


Less than 8 


European 
cotoneaster, 
mockorange. 


Arrowwood, 
mockorange. 


European 
cotoneaster, 
mockorange. 


Silky dogwood, 
American 


eranberrybush. 


European 
cotoneaster, 
mockorange, 


Gray dogwood, 
Peking 
cotoneaster. 


Silky dogwood, 
American 


eranberrybush. 


Arrowwood, 
mockorange. 


European 
cotoneaster, 
mockorange. 


Gray dogwood, 
Peking 
cotoneaster, 


8 to 15 


Siberian peashrub, 
gray dogwood. 


16 to 25 


Blue spruce, 
Norway spruce, 
white spruce, 
eastern redcedar, 

hackberry, 

Douglas-fir. 


Siberian peashrub, 
American plum, 
lilac. 


Red pine, eastern 
redcedar. 


Siberian peashrub, 
gray dogwood. 


Northern white- 
cedar. 


gray dogwood. 


Eastern redcedar, 
lilac, Siberian 
peashrub. 


| Northern white- 
cedar. 


Gray dogwood, 
Tatarian honey- 
suckle, lilac. 


Tall purple willow, 
Tatarian honey- 
suckle, Siberian 


ern whitecedar. 


Eastern redcedar, 
northern white- 
cedar, Russian- 
olive, Tatarian 

honeysuckle. 


Siberian peashrub, 


peashrub, north- 


Blue spruce, 
eastern redcedar, 
Douglas-fir, 


Eastern redcedar, 
white spruce, 
.Norway spruce. 


Eastern redcedar, 
Russian-olive. 


Norway spruce —_. 


Hackberry, eastern 
redcedar, white 
spruce. 


Northern white- 
cedar, white 
spruce, Siberian 
crabapple, Amur 
maple, eastern 

redcedar. 


Eastern redcedar, 
white spruce. 


Hackberry, bur 
oak, red pine, 


Trees and shrubs having predicted 20-year average heights, in feet, of—~ 


26 to 35 


Eastern white pine, 
red pine, Scotch 
pine. 


Scotch pine, 
eastern white 
pine, blue spruce. 


Eastern white pine, 
red pine, Scotch 
pine, silver 
maple. 


Silver maple, 
poplar, laurel 
willow, Ameri- 
can sycamore, 
green ash, 
hackberry, 
northern white- 
cedar, 


Ponderosa pine, 
Austrian pine, 
Scotch pine. 


Red pine, eastern 
white pine, jack 
pine. 


Green ash, silver 
maple. 


Red pine, eastern 
white pine, green 
ash, hackberry. 


Green ash, 
Russian-olive, 
golden willow. 


Green ash, eastern 
cottonwood. 
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More than 35 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Eastern 
cottonwood. 


Eastern 


cottonwood. 


Eastern 
cottonwood. 
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TABLE 3.— Windbreaks and environmental plantings—Continued 


Trees and shrubs having predicted 20-year average heights, in feet, of— 


Map symbol and 
soil name ; 
Less than 8 8 to 15 
77B, 77B2, 77C, 77C2, 78B, 
78B2, 78C, 78C2: 

Bae cvcocs ets eens European Siberian peashrub, 
cotoneaster, gray dogwood. 
mockorange, 

9l: 

Primghar —-~------~- European Siberian peashrub, 
cotoneaster, gray dogwood. 
mockorange, 

92: 

Mareus —--~------~- Silky dogwood, Northern white- 
American cedar. 
eranberrybush. 

95: 

Harps —~------------ Silky dogwood, Northern white 
American cedar. 
cranberrybush. 

107: 4 

Webster -------~--_| Silky dogwood, Northern white- 
American cedar. 
cranberrybush. 

108, 108B, 108C2: : 

Wadena -----~---..- European Siberian crabapple, 
cotoneaster, gray dogwood, 
mockorange. Tatarian honey- 

suckle, lilac. 
133: 

Cold -cacessouseushes Silky dogwood, Northern white- 
American cedar, 
cranberrybush. 

1343 , 

Zook _--.--_--______ Silky dogwood, Northern white- 
American cedar. 
eranberrybush. 

135, 135B: 

Coland ..--_________ Silky dogwood, Northern white- 
American cedar. 
cranberrybush. 

138B, 138C, 138C2, 138D2: 

Clarion ~--.-------- European Siberian peashrub, 
cotoneaster, gray dogwood. 
mockorange. 


16 to 25 


Blue spruce, 
Norway spruce, 
white spruce, 
European larch, 
eastern redcedar, 
hackberry, 
Douglas-fir. 


Blue spruce, 
Norway spruce, 
white spruce, 
eastern redcedar, 
hackberry. 


Hackberry, eastern 
redcedar, white 
spruce, Norway 
spruce. 


Hackberry, eastern 
redeedar, white 
spruce, Norway 
spruce. 


Eastern redcedar, 
hackberry, white 
spruce. 


Eastern redcedar, 
northern white- 
cedar, white 
spruce, red pine, 
hackberry, bur 
oak, 


Hackberry, eastern 
redcedar, white 
spruce, Norway 
spruce. 


Eastern redcedar, 
hackberry, white 
spruce. 


Northern white- 
cedar, eastern 
redcedar, white 
spruce, Norway 
spruce. 


Blue spruce, 
Norway spruce, 
white spruce, 
eastern redcedar, 
Douglas-fir. 


26 to 35 


Eastern white pine, 
red pine, Scotch 
pine, silver 
maple. 


Eastern white pine, 
red pine, Scotch 
pine, silver 
lle Douglas- 

r. 


Silver maple, 
poplar, laurel 
willow, Ameri- 
can sycamore, 
green ash. 


Silver maple, 
poplar, laurel 
willow, Ameri- 
can sycamore, 
green ash, 


Green ash, silver 
maple, American 
sycamore, 


Green ash 


Silver maple, 
laurel willow, 
American syca- 
more, poplar. 


Green ash, silver 
maple. 


Silver maple, 
porles, laurel 
willow, Ameri- 
can sycamore, 
green ash, 
hackberry. 


Eastern white pine, 
red pine, Scotch 
pine, European 
larch, hackberry, 
silver maple. 


More than 35 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Eastern 
cottonwood. 


Eastern 
cottonwood. 


Eastern 
cottonwood. 


Eastern 


cottonwood. 


Green ash, eastern 
cottonwood. 


Eastern 
cottonwood. 


Green ash, eastern 


cottonwood. 


Green ash, eastern 
cottonwood. 
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TABLE 3.—Windbreaks and environmental plantings—Continued 


Map symbol and 


soil name 
Less than 8 
174B, 174C2, 174D2: 

Bolan: cose oe European 
cotoneaster, 
mockorange. 

201B: 

Coland part —~~.--.__ Silky dogwood, 
American 
cranberrybush. 

Spillville part --____ Arrowwood, 
mockorange. 

C201B: 

Coland part ~--.____ Silky dogwood, 
American 
eranberrybush. 

Spillville part ~--.__ Arrowwood, 
mockorange. 

202,203: 

Cylinder ~~-.-______| European 
cotoneaster, 
mockorange. 

221: 

Palms —___.________ Silky dogwood, 
American 
eranberrybush. 

234: 

Nishna ~~ -_-_______ Silky dogwood, 
American 
cranberrybush. 

236B: 

Lester _.-__________ European 
cotoneaster, 
mockorange. 

259: 

Biscay ~--.-________ Silky dogwood, 
American _ 
eranberrybush, 

274: 

Rolfe: ian secco see Silky dogwood, 
American 
cranberrybush. 


8 to 15 


Siberian peashrub, 
gray dogwood. 


Northern white- 
cedar. 


Siberian peashrub, 
American plum. 


Northern white- 
cedar, 


Siberian peashrub, 
American plum. 


Siberian peashrub, 
gray dogwood. 


Tatarian 
honeysuckle. 


Northern white- 
cedar. 


Gray dogwood, 
Tatarian 
honeysuckle, 

ilac. 


Northern white- 
cedar, lilac. 


Northern white- 
cedar, lilac. 


+--+} >YY7T7TY>YNY 


16 to 25 


Blue spruce, : 
Norway spruce, 
white spruce, 
eastern redcedar, 

. Douglas-fir, 


Northern white- 
cedar, eastern 
redcedar, white 
spruce, Norway 
spruce. 


Red pine, Norway 
spruce, hack- 
berry, European 
larch, eastern 
redcedar. 


Northern white- 
cedar, eastern 
redcedar, white 
spruce, Norway 
spruce. 


Red pine, Norway 
spruce, hack- 
berry, European 
larch, eastern 
redcedar. 


Blue spruce, . 
European larch, 
eastern redcedar, 
hackberry, 
Douglas-fir, 


Laurel willow, 
Austrian pine. 


Hackberry, eastern 
redcedar, white 
spruce, Norway 
spruce. 


Siberian crabapple, 
Amur maple. 


White spruce, 
Amur maple. 


Hackberry, eastern 
redcedar, white 
spruce, Norway 
spruce. 
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Trees and shrubs having predicted 20-year average heights, in feet, of— 


26 to 85 


More than 35 


Eastern white pine, 
red pine, Scotch 
-pine, European 
larch, silver 
maple. 


Silver maple, 
poplar, laurel 
willow, Ameri- 
can sycamore, 
green ash, 
hackberry. 


Eastern white pine, 
Scotch pine. 


Silver maple, 
poplar, laurel 
willow, Ameri- 
can sycamore, 
green ash, 
hackberry. 


Eastern white pine, 
Scotch pine. 


Eastern white pine, 
red pine, Norway 
spruce, Scotch 
pine, white 
spruce, silver 
maple, 


Northern white- 
cedar, eastern 
white pine, 
Norway spruce. 


Silver maple, 
poplar, laurel 
willow, Ameri- 
can sycamore, 
green ash. 


Eastern white pine, 
green ash, 
hackberry. 


Silver maple, 
golden willow. 


Silver maple, 
ponlar. laurel 
willow, Ameri- 
can sycamore, 
green ash, ; 


Green ash, eastern 
cottonwood. 


Eastern cotton- 
wood, green ash. 


Green ash, eastern 
cottonwood, 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Eastern cotton- 
wood, American 
sycamore. 


Eastern 
cottonwood. 


Eastern cotton- 
wood, American 
elm. 


Eastern cotton- 
wood, green ash. 


Eastern 
cottonwood. 
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TABLE 3.—Windbreaks and environmental plantings—Continued 


Trees and shrubs having predicted 20-year average heights, in feet, of— 


Map symbol and 


16 to 25 


Eastern redcedar, 
northern white- 
cedar, white 
spruce, red pine, 
hackberry, bur 
oak, 


Blue spruce, 
Norway spruce, 
white spruce, 
European larch, 
eastern redcedar, 
hackberry, 
Douglas-fir. 


Blue spruce, 
Norway spruce, 
eastern redcedar. 


Blue spruce, 
Norway spruce, 
white spruce, 
eastern redcedar, 
hackberry, 
Douglas-fir. 


Northern white- 
cedar, white 
spruce, Siberian 
crabapple, Amur 
maple, eastern 
redcedar, 


26 to 35 


Green ash ~-_-_---- 


Eastern white pine, 
red pine, Scotch 
pine, silver 
maple. 


Eastern white pine, 
European larch, 
hackberry. 


Eastern white pine, 
red pine, Scotch 
pine, silver 
maple. 


Red pine, eastern 
white pine, 
hackberry. . 


soil name 
Less than 8 8 to 15 
308, 308B: 

Wadena —~~--~-.-- _ European Siberian crabapple, 
cotoneaster, gray dogwood, 
mockorange. Tatarian honey- 

suckle, lilac. 
310, 310B, 31082, 310C, 
310C2, T310, T310B: 

RAPA crea wekminciensn European Siberian peashrub, 
cotoneaster, gray dogwood. ~ 
mockorange. 

35: 

Alluvial land ~-..~-- Silky dogwood, Northern white- 
American cedar, lilac, 
eranberrybush. 

323B: 

Teil gadesameconnc European Siberian peashrub, 
cotoneaster, gray dogwood. 
mockorange. 

325: 

Le Sueur ~---------_ European Gray dogwood, 
cotoneaster, Tatarian honey- 
mockorange. suckle, lilac. 

354: 
IMAPRN eecdoesSe gee ac ccutececnesien cess 
384: 

Collinwood ----.---- European Gray dogwood, 
cotoneaster, Tatarian honey- 
mockorange. suckle, lilac. 

390: 

Waldorf ~------------ Silky dogwood, Northern white- 
American cedar, lilac, tall 
cranberrybush. purple willow, 

Tatarian 
honeysuckle, 
397B: ‘ 

Detri  csseeeencecsee Silky dogwood, Eastern redcedar, 
American lilac, Amur 
cranberrybush. honeysuckle, 

northern white- 
cedar. 
428: 

PNY 22sec ece ee Arrowwood, Lilac, forsythia ~~~ 

mockorange. 


Northern white- 
cedar, white 
spruce, Siberian 
crabapple, Amur 
maple, eastern 
redcedar. 


White spruce, 
Amur maple. 


Black Hills spruce, 
eastern white 
pine, Amur 
maple. 


Norway spruce, 
hackberry. 


Red pine, eastern 
white pine, green 
ash, hackberry. 


Golden willow, 
silver maple, 
green ash, black 
ash. 


Laurel willow, 
green ash, 
silver maple. 


Eastern white pine, 
Scotch pine, red 
pine. 


More than 35 


Eastern 
cottonwood. 


Green ash, eastern 
cottonwood, 


Green ash, eastern 
eottonwood. 


Green ash. eastern 
cottonwood. 


Eastern cotton- 
wood, green ash. 


Eastern 
cottonwood, 


Eastern 
cottonwood. 


Siberian elm, 
eastern cotton- 
wood. 


Green ash, eastern 
cottonwood. 
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Map symbol and 
soil name 
Less than 8 
430, 4308: 

Ackmore —~__.-______ Silky dogwood, 

arrowwood, 
485, 485B: 

Spillville ---.----_._ Arrowwood, 

mockorange. 
506: 

Wacousta ~----_-___ Silky dogwood, 
American 
eranberrybush. 

507: 

Canisteo ~~~. __) Silky dogwood, 
American 
cranberrybush. 

Stl: q 

Blue Earth ~________ Silky dogwood, 
American 
cranberrybush. 

559: 

Taleot: 225 -c ec ceess Silky dogwood, 
American 
cranberrybush. 

577C2, 577D2: 

Everly ~---------_-_ European 
cotoneaster, 
mockorange. 

606: 

Lanyon ~~~.-02---_ Silky dogwood, 
American 
cranberrybush. 

733: 

Caleo ~...-..----.-_ Silky dogwood, 
American 
eranberrybush. 

8238, 823C2: 

Flagler ~..--_______ European 
cotoneaster, 
mockorange. 


8 to 15 16 to 25 


Lilac, forsythia _._| Blue spruce, 
Norway spruce, 
white spruce, 
eastern redcedar, 


Douglas-fir. 


Lilac, forsythia -__| Red pine, Norway 
spruce, hack- 
berry, European 
larch, eastern 


redcedar. 


Redosier dogwood, 
Siberian 
peashrub. 


Russian-olive, 
eastern redcedar. 


Tall at poeple willow, Russian-olive, 
osier dog- eastern redcedar, 
ond, Tatarian northern white- 
honeysuckle, cedar. 
Siberian 
peashrub. 


Eastern redcedar, 
lilac, northern 
white-cedar. 


Laurel willow, 
Austrian pine, 


Eastern redcedar, 
lilac, northern 
white-cedar, 


Russian-olive, 
eastern redcedar. 


Siberian peashrub, 
Tatarian honey- 
suckle, lilac. 


Blue spruce, 
‘European larch, 
eastern redcedar, 
hackberry, 
Douglas-fir. 


Eastern redcedar, 
lilac, northern 
white-cedar. 


White spruce, 
Amur maple. 


Redosier dogwood, | Russian-olive, 
tall purple eastern redcedar. 
willow. 


Eastern redcedar, 
hackberry, 
ponderosa pine. 


Siberian peashrub, 
Russian-olive. 


26 to 35 


Eastern white pine, 
red pine, Scotch 
pine, European 

larch, hackberry. 


Eastern white pine, 
Scotch pine. 


Silver maple, 
green ash. 


Green ash, 
American elm. 


Eastern white pine, 
Norway spruce. 


Green ash, silver 
maple, American 
sycamore, 


Eastern white pine, 
red pine, 
Norway spruce, 
Scotch pine, 
white spruce, 
silver maple, 


Silver maple, 
green ash, 
American 
sycamore. 


Green ash, silver 
maple, 


Eastern white pine, 
red pine, Scotch 
pine, Austrian 
pine. 


Trees and shrubs having predicted 20-year average heights, in feet, of — 


More than 35 


Green ash, eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 


Eastern 
cottonwood. 


Eastern cotton- 
wood, golden 
willow, Siberian 
elm. 


Green ash, eastern 
cottonwood. 


Eastern 
cottonwood. 


Green ash, eastern 


cottonwood. 


Eastern 
cottonwood. 


Eastern 
cottonwood. 


Green ash, eastern 
cottonwood. 
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tional information about planning windbreaks and 
sereens and the planting and care of trees can be ob- 
tained from the local office of the Soil Conservation 
Service or the Extension Service. 


Engineering?’ 


This section provides information about the use of 
soils for building sites, sanitary facilities, construction 
materials, and water management. Among those who 
can benefit from this section are engineers, land- 
owners, community decision makers and planners, 
town and city managers, land developers, builders, con- 
tractors, and farmers. 

The ratings in tables in this section are based on 
test data and estimated data in the “Soil Properties” 
section. The ratings were determined jointly by soil 
scientists and engineers of the Soil Conservation Ser- 
vice, using known relationships between the soil 
properties and the behavior of soils in various engi- 
neering uses. 

Soil properties and site conditions identified by the 
soil survey that are used in determining the ratings in 
this section include grain-size distribution, liquid 
limit, plasticity index, soil reaction, depth to and hard- 
ness of bedrock at a depth of less than 5 or 6 feet, soil 
wetness characteristics, depth to a seasonal water ta- 
ble, slope, likelihood of flooding, natural soil structure 
or aggregation, in-place soil density, and geologic ori- 
gin of the soil material. Where pertinent, data about 
kinds of clay minerals, mineralogy of sand and silt 
fractions, and the kind of absorbed cations were also 
considered. 

Based on the information assembled about soil prop- 
erties, ranges of values may be estimated for erodibil- 
ity, permeability, corrosivity, shrink-swell potential, 
available water capacity, shear strength, compressi- 
bility, slope stability, and other factors of expected soil 
behavior in engineering uses. As appropriate, these 
values may be applied to each major horizon of each 
soil or to the entire profile. 

These factors of soil behavior affect construction 
and maintenance of roads, airport runways, pipelines, 
foundations for small buildings, ponds and small dams, 
irrigation projects, drainage systems, sewage and ref- 
use disposal systems, and other engineering works. 
The ranges of values can be used to— 


1. Select potential residential, commercial, in- 
dustrial, and recreational areas. 

2. Make preliminary estimates pertinent to con- 
struction in a particular area. 

8. Evaluate alternate routes for roads, streets, 
highways, pipelines, and underground cables. 

4, Evaluate alternate sites for location of sani- 
tary landfills, onsite sewage disposal systems, 
and other waste disposal facilities. 


5. Plan detailed onsite investigations of soils and 
geology. 

6. Find sources of gravel, sand, clay, and topsoil. 

7. Plan farm drainage systems, irrigation sys- 


tems, ponds, terraces, and_ other structures 
for soil and water conservation. 


* VoLNEY SMITH, assistant state engineer, Soil Conservation 
Service, assisted in the preparation of this section. 


8. Relate performance of structures already built 
to properties of the kinds of soil on which they 
are built. In this way, performance of similar 
structures on the same or a similar soil in 
other locations can be predicted. 

9. Predict the trafficability of soils for cross- 
country movement of vehicles and construc- 
tion equipment. 


Data presented in this section are useful for land- 
use planning and for choosing alternative practices or 
general designs that will overcome unfavorable soil 
properties and minimize soil-related failures. Limita- 
tions to the use of these data, however, should be well 
understood. The data are generally not presented for 
soil below a depth of 5 or 6 feet, Also, because of the 
scale of the detailed map in this soil survey, small 
areas of soils that differ from the dominant soil may 
be included in mapping. Thus, these data do not 
eliminate the need for onsite investigations and 
testing. 

The information is presented mainly in tables. Table 
4 shows, for each kind of soil, ratings for the degree 
and kinds of limitations for building site develop- 
ment; table 5 for sanitary facilities; and table 7 for 
water management. Table 6 shows the suitability of 
each soil as a source of construction material. 

The information in the tables, the soil map, the soil 
descriptions, and other data provided in this survey 
can be used to make additional interpretations and to 
construct interpretive maps for specific land uses. 

Some terms used in this soil survey have different 
meanings in soil science and in engineering. These 
and other special terms used in this soil survey are 
defined in the Glossary at the back of this survey. 


Building site development 


The degree and kind of soil limitations that affect 
shallow excavations, dwellings with and without base- 
ments, small commercial buildings, and local roads and 
streets are indicated in table 4. A slight limitation 
indicates that soil properties are favorable for the 
specified use; limitations are minor and easily over- 
come. A moderate limitation indicates that soil prop- 
erties and site features are unfavorable for the 
specified use, but the limitations can be overcome or 
minimized by special planning and design. A severe 
limitation indicates one or more soil properties or 
site features are so unfavorable or difficult to over- 
come that a major increase in construction effort, 
special design, or intensive maintenance is required. 
For some soils rated severe, such costly measures may 
not be feasible. 

Shallow excavations are used for pipelines, sewer- 
lines, telephone and power transmission lines, base- 
ments, open ditches, and cemeteries. Such digging or 
trenching is influenced by the soil wetness, a seasonal 
high water table, the texture and consistence of soils, 
the tendency of soils to cave in or slough, and the 
presence of very firm, dense soil layers, bedrock, or 
large stones. In addition, excavations are affected by 
slope of the soil and by probability of flooding. Rat- 
ings do not apply to soil horizons below a depth of 6 
feet unless otherwise noted. 

In the soil series descriptions, the consistence of 
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TABLE 4,—Building site development 


[Terms that describe restrictive soil features are defined in the Glossary. See text for definitions of “slight,” “moderate,” and 


“severe.” Absence of an entry means soil was not rated] 


Map symbol and Shallow Dwellings Dwellin . Small 

A , : gs with . Local roads 
1 soil name excavations Pec basements pee and streets 
ID3: 

Ida -----..------- Moderate: slope --| Moderate: slope --| Moderate: slope --| Severe: slope ----| Severe: frost 
action. 

TE3, IFS: 

da -------------- Severe: slope --_-| Severe: slope —...| Severe: slope ----| Severe: slope ----| Severe: slope, 
frost action. 

5B: 

Kennebec part ---| Severe: floods -._| Severe: floods ---| Severe: floods | Severe: floods --_| Severe: floods, 
frost action, 
low strength. 

Ackmore part ----| Severe: floods, Severe: floods, Severe: floods, Severe: floods, Severe: floods, 

wetness. shrink-swell, shrink-swell, shrink-swell. low strength, 
wetness. wetness. shrink-swell. 
C5B: ; 

Kennebec part ---| Severe: floods ___| Severe: floods -..| Severe: floods ____| Severe: floods --_| Severe: floods, 
frost action, 
low strength. 

Ackmore part .---| Severe: floods, Severe: floods, Severe: floods, Severe: floods, Severe: floods, 

wetness. shrink-swell, shrink-swell, shrink-swell, low strength, 
wetness. wetness. shrink-swell. 
6: 

Okoboji ---------_ Severe: wetness __| Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness, 
low strength, low strength, low strength, low strength, 
shrink-swell. shrink-swell. shrink-swell. shrink-swell. 

8c: 

Judson --------.- Slight ~----.-_--__ Moderate: Moderate: Moderate: slope, Severe: 
shrink-swell. shrink-swell. shrink-swell. frost action, 

low strength. 
9B, 9B2: 

Marshall ___---___ Slight ~--.-_-_____ Moderate: Moderate: Moderate: Severe: 
shrink-swell. shrink-swell. shrink-swell. low strength, 

frost action. 
9C. 9C2: 

Marshall _--____~_ Slight _.-_________ Moderate: Moderate: Moderate: Severe: 
shrink-swell. shrink-swell. shrink-swell, low strength, 

slope. frost action. 
9D2, 9D3: 

Marshall _________ Moderate: slope __| Moderate: Moderate: Severe: slope ---_| Severe: 
shrink-swell, shrink-swell, low strength, 
slope. slope. frost action. 

10D3: 

Monona ~_-__--___ Moderate: slope __| Moderate: low Moderate: low Severe: slope --..| Severe: 
strength, slope, strength, slope, low strength, 
shrink-swell. shrink-swell. frost action. 

19E3: 

Monona __________ Severe: slope __._| Severe: slope __._| Severe: slope ._-| Severe: slope ----| Severe: low 
strength, slope, 
frost action. 

118: 
Colo part -.-___._ Severe: wetness, | Severe: floods, Severe: floods, Severe: floods, Severe: floods, 
floods. wetness. wetness. wetness. low strength, 
frost action. 

Ely part -------_- Severe: wetness --| Moderate: Severe: wetness, Moderate: Severe: 
wetness, shrink-swell. wetness, frost action, 
shrink-swell, shrink-swell, low strength. 
low strength. low strength. 
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TABLE 4.—Building site development—Continued 


Map symbol and 
soil name 


Shallow 
excavations 


24C2: 

Shelby ~._-------_ Moderate: too 
clayey. 

24D2: 

Shelby ~.----=--= Moderate: slope, 
too clayey. 

24E2: 

Shelby ~--------~- Severe: slope —.-. 

26B: 

Kennebec ~------- Severe: floods ~__ 

27C: 

Terril o2ce2s5--- Moderate: wet- 
ness. 

31: 

Afton 2s-s22s25-- Severé: wetness —- 

33E: 

Steinauer ~--.._-- Moderate: slope, 
too clayey. 

33F: 

Steinauer _....--- Severe: slope —--- 

41D: 

Sparta —_--------- Severe: cutbanks 
cave, 

54: 

Zook ..---- new e Severe: wetness, 
floods. 

55: 

Nicollet ---------- Moderate: wet- 
ness, 

62C, 62D: 

Storden ~--.--_--- Moderate: slope -— 

62E, 62F, 62G: 

Storden .--.._---- Severe: slope ~--_ 

730: 

Salida: -2-24-.-- Severe: cutbanks 
cave. 

73D: 

Salida ~------_--_ Severe: cutbanks 


cave. 


778, 77B2, 78B, 78B2: 


Sac Slight 


Dwellings 
without 
basements 


Moderate: 
shrink-swell, 
low strength. 


Moderate: slope, 
shrink-swell, 
low strength. 


Severe: slope —___ 


Severe: floods ___ 


Slight. 


Severe: wetness, 
shrink-swell, 
floods, : 


Moderate: slope, 
shrink-swell, 
low strength. 


Severe: slope —_-- 


Moderate: slope ~~ 


Severe: floods, 
low strength, 
shrink-swell. 


Moderate: 
shrink-swell. 


Moderate: 


slope —- 


Severe: slope —.-. 


Moderate: slope —- 


Moderate: 
strength. 


low 


Dwellings with 
basements 


Moderate: 
shrink-swell, 
low strength. 


Moderate: slope, 
shrink-swell, 
low strength. 


Severe: slope —___ 


Severe: floods _.-. 


Moderate: 
wetness. 


Severe: wetness, 
shrink-swell, 
floods. 


Moderate: slope, 
shrink-swell, 
low strength. 


Severe: slope —_-~ 


Moderate: slope —~_ 


Severe: floods, 
low strength, 
shrink-swell. 


Moderate: 
wetness, 
shrink-swell. 


Moderate: slope —_ 


Severe: slope —_-_ 


Moderate: slope ~~ 


Moderate: low 


strength. 


Small 
commercial 
buildings 


Moderate: 
shrink-swell, 
low strength, 
slope. 


Severe: slope ___ 


Severe: slope —___| 


Severe: floods ___ 


Moderate: slope -- 


Severe: wetness, 
shrink-swell, 
floods. 


Severe: slope ~--. 


Severe: 


Severe: slope -_.. 


Severe: floods, 
low strength, 
shrink-swell. 


Moderate: 
shrink-swell. 


Severe: slope —--_ 


Severe: slope —.-- 


Moderate : slope -- 
Severe: 


slope —--_ 


Moderate: 
strength. 


low 


slope —-_-]- 


Local roads 
and streets 


Severe: low 
strength. 


Severe: low 
strength. 


Severe: low 
strength, slope. 


Severe: floods, 
frost action, 
low strength. 


Moderate: 
low strength, 
frost action. 


Severe: wetness, 
low strength, 
shrink-swell. 


Severe: low 
strength. 


Severe: slope, 
low strength. 


Moderate: slope. 


Severe: floods, 
low strength. 


Severe: 
frost action, 
low strength. 


Moderate: slope, 
frost action. 


Severe: slope. 
Slight. 
Moderate: slope. 


Severe: 
low strength, 
frost action. 
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Map symbol and Shallow poker 
soil name excavations basements 
77C, 77€2, 78C, 78C2: : 
AG? hse eee Slight ~...--______ Moderate: low 
strength, 
Ol: : 

Primghar ..._____ Severe: wetness __| Severe: shrink- 
swell. 

92: : 

Marcus -------.-_ Severe: wetness -_| Severe: wetness, 
low strength, 
shrink-swell. 

95: 

Harps -.~--..-... Severe: wetness -_| Severe: wetness, 

low strength. 
107: 

Webster ~..______ Severe: wetness __| Severe: low 
strength, shrink- 
swell, wetness. 

108, 108B: 
Wadena —__~__~__ Severe: cutbanks | Slight ______._____ 
cave. 
108C2: 
Wadena _________ Severe: cutbanks | Moderate: slope __ 
cave, 
133: 
COlO sao Severe: wetness, Severe: floods, 
floods frost action, 
wetness. 
134: 
Zook ~------_____ Severe: wetness, Severe: floods, 
floods low strength, 
shrink-swell. 
135, 135B: 
Coland —~-.__--_.- Severe: floods, Severe: floods, 
wetness. wetness. 
(38B: : 
Clarion ~--.._.___ Slight ~------_____ Slight -----_______ 
138C, 138C2; 2 

Clarion ~----._--_ Slight ~-___._____ Slight .---------__ 

138D2: 

Clarion ~--_-____. Moderate: slope __| Moderate: slope — 

174B: 

Bolan  ~--------~_ Moderate: cut- Slight ~-----_-_-__ 

banks cave, 
174C2: 
Bolan. sesso! Moderate: cut- Slight -----------_ 


banks cave, 


Dwellings with 
basements 


Small 
commercial 
buildings 
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Local roads 
and streets 


Moderate: 
strength. 


low 


Severe: wetness, 
shrink-swell. 


Severe: wetness, 
low strength, 
shrink-swell. 


Severe: wetness, 
low strength. 


Severe: low 
strength, 

shrink-swell, 
wetness, 


Moderate: slope -_ 


Severe: floods, 
frost action, 
wetness. 


Severe: floods, 
low strength, 
shrink-swell. 


Severe: floods, 
wetness, 


Slight 


Moderate: slope —_ 


Moderate: low 
strength, slope. 


Severe: shrink- 


swell, 
Severe: wetness, 
low strength, 


shrink-swell. 


Severe: wetness, 
low strength. 


Severe: low 
strength, shrink- 
swell, wetness, 


Severe: slope -___ 


Severe: floods, 
frost action, 
wetness. 


Severe: floods, 
low strength, 
shrink-swell. 


Severe: floods, 
wetness. 

Slight ----__-_____ 

Moderate: slope —— 

Severe: slope —_-_ 

Slight ---------_-_ 

Moderate: slope -- 


Severe: 
low strength, 
frost action. 


Severe: 
shrink-swell, 
low strength, 
frost action. 


Severe: wetness, 
low strength, 
shrink-swell. 


Severe: wetness, 
low strength, 
frost action. 


Severe: 
low strength, 
shrink-swell, 
wetness. 


Moderate: 
frost action. 


Moderate: frost 
action, slope. 


Severe: floods, 
low strength, 
frost action. 


Severe: floods, 
low strength. 
Severe: floods, 


wetness, frost 
action. 


Moderate: 
low strength, 
frost action. 


Moderate: 
low strength, 
frost action. 


Moderate: slope, 
low strength, 
frost action. 


Moderate: 
frost action. 


Moderate: 
frost action, 
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oe E 


Map symbol and 


Small 
commercial 
buildings 


Shallow 
soil name excavations 
174D2; 
Bolan ~--.------- Moderate: cut- 


banks cave, slope. 


oe Severe: floods, 
wetness, 

Spillville part ----| Severe: floods ~~~ 

C20te: 

Coland part ~----_ Severe: floods, 
wetness. 

Spillville part __-_| Severe: floods —-- 

202, 203: 

Cylinder .-.._--.| Severe: wetness, 

cutbanks cave. 
221: 

Palms ~_------... Severe: wetness, 
excess humus, 
cutbanks cave. 

234: 
Nishna ---------- Severe: wetness, 
floods, too clayey. 

236B: 

Lester ~.----...--- Moderate: too 
clayey. 

259: 
Biseay ~---.--.--- Severe: wetness —_ 
274: 

Rolfe 2ic-ennes Severe: wetness, 

floods. 
308, 3088: 

Wadena _-----___ Severe: cutbanks 

cave. 
310, 310B, 310B2: 

Galva __..----.__ Slight -------_____ 

310C, 310C2: 

Galva. 2565.8 Slight ----.--_.-__ 

T310, T310B: 

Galva ~~-------~- Moderate: cut- 

banks cave. 
315: 
Alluvial land ~---_ Severe: floods ..-- 


Dwellings Dwellin ‘ 

f gs with 
without basements 
basements 

Moderate: slope __| Moderate: slope -- 

Severe: floods, Severe: floods, 


wetness, frost 
action. 


Severe: floods ~.. 


Severe: floods, 
wetness, frost 
action. 


Severe: floods ~-__ 


Moderate: 
wetness. 


Severe: wetness, 
excess humus. 


Severe: floods, 
low strength, 
shrink-swell. 


Moderate: 
shrink-swell, 
low strength. 


Severe: wetness -- 


Severe: wetness, 
low strength, 
shrink-swell. 


Moderate: 
strength, 
shrink-swell. 


low 


Moderate: 
low strength, 
shrink-swell. 


Moderate: 
low strength, 
shrink-swell, 


Severe: floods — . 


wetness, frost 
action. 


Severe: floods —--_ 


Severe: floods, 
wetness, frost 
action. 


Severe: floods ____ 


Severe: wetness —_ 


Severe: 


wetness, 
floods. 


Severe: floods, 
low strength, 
shrink-swell. 


Moderate: 
shrink-swell, 
low strength. 


Severe: wetness ~~ 


Severe: wetness, 
low strength, 
shrink-swell. 


Slight 


Moderate: 
low strength, 
shrink-swell. 


Moderate: 
low strength, 
shrink-swell. 


Moderate: 
low strength, 
shrink-swell. 


Severe: floods ~--- 


Severe: slope —--- 


Severe: floods, 
wetness, frost 
action. 


Severe: floods _-- 


Severe: floods, 
wetness, frost 
action. 


Severe: floods —~_ 


Moderate: 
ness. 


wet- 


Severe: 


wetness, 
floods. 


Severe: floods, . 
low strength, 
shrink-swell. 


Moderate: slope, 
shrink-swell, 
low strength, 


Severe: wetness __ 


Severe: wetness, 
low strength, 
shrink-swell, 


Slight 


Moderate: 
low strength, 
shrink-swell. 


Moderate: 
low strength, 
slope, 
shrink-swell. 


Moderate: 
low strength, 
shrink-swell. 


Severe: floods 


Local roads 
and streets 


Moderate: frost 
action, slope. 


Severe: floods, 
wetness, frost 
action. 


Severe: floods, 
frost action. 
Severe: floods, 


wetness, frost 
action. 


Severe: floods, 
frost action. 


Severe: frost 


action. 


Severe: wetness, 
frost action, 
low strength. 


Severe: floods, 
low strength, 
shrink-swell, 


Severe: low 
strength. 


Severe: wetness, 
frost action. 


Severe: wetness, 
low strength, 
shrink-swell. 


Moderate: frost 
action. 
Severe: 
low strength, 
frost action, 
Severe: 
low strength, 


frost action. 


Severe: 
low strength, 
frost action. 


Severe: floods. 


Map symbol and 
soil name 


323B: 
Terril 


325: 
Le Sueur 


430, 430B: 
Ackmore 


485, 485B: 
Spillville 


506: 
Wacousta 


507: 
Canisteo 


559: 
Talcot 
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Shallow 
excavations 


Moderate: wet- 
ness, cutbanks 
cave, 


Moderate: wet- 
ness, too clayey. 


Severe: wetness —_ 

Severe: too 
clayey. 

Severe: wetness, 
too clayey. 

Severe: wetness —_ 

Severe: wetness —_ 

Severe: floods, 
wetness, 

Severe: floods, 
wetness, 

Severe: wetness __ 

Severe: wetness __ 

Severe: wetness, 
floods. 

Severe: wetness, 


cutbanks cave. 


Moderate : too 
clayey. 


Moderate: 


slope 
too clayey. , 


Dwellings 
without 
basements 


Moderate: 
wetness. 


Moderate: 
shrink-swell, 
low strength. 


Severe: wetness —_ 

Severe: shrink- 
swell. 

Severe: wetness, 


shrink-swell. 


Severe: wetness —- 


Moderate: 
wetness, 
shrink-swell, 


Severe: floods, 
shrink-swell, 
wetness, 


Severe: floods —___ 


Severe: wetness, 
shrink-swell, 


Severe: wetness -- 


Severe: wetness, 
floods, frost 
action. 


Severe: wetness -. 


Moderate: low 
strength, 


shrink-swell. 


Moderate: low 
strength, slope, 
shrink-swell. 


Dwellings with 
basements 


Moderate: 
wetness. 


Moderate: 
shrink-swell, 
low strength. 


Severe: wetness __ 

Severe: shrink- 
swell. 

Severe: wetness, 


shrink-swell. 


Severe: wetness —. 


Severe: wetness, 
shrink-swell. 


Severe : floods, 
shrink-swell, 


wetness. 
Severe: floods --__ 
Severe: wetness, 


shrink-swell, 


Severe: wetness -_ 
Severe: wetness, 
floods, 


Severe: wetness -- 


Moderate: 
low strength, 
shrink-swell. 


Moderate: low 
strength, slope. 


Small 
commercial 
buildings 


Moderate: wet- 


ness. 


Moderate: 
shrink-swell, 
low strength. 


Severe: wetness —_ 


Severe: 
shrink-swell, 
low strength. 


Severe: wetness, 
shrink-swell. 


Severe: wetness —_ 


Moderate: 
wetness, 
shrink-swell. 


Severe: floods, 
shrink-swell, 


Severe: floods 


Severe: wetness, 
shrink-swell. 


Severe: wetness -_ 


Severe: wetness, 
floods, frost 
action. 


Severe: wetness -_ 


Moderate: low 
strength, slope, 
shrink-swell. 


Severe: slope —--- 
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Local roads 
and streets 


Moderate: 
low strength, 
frost action. 


Severe: 
frost action, 
low strength. 


Severe: wetness. 


Severe: 
shrink-swell, 
low strength. 


Severe: wetness, 
frost action, 
shrink-swell. 


Severe: 
frost action, 
low strength. 


Severe: 
frost action, 
low strength. 


Severe: floods, 
low strength, 
shrink-swell. 


Severe : floods. 


Severe: frost 
action, wetness, 
shrink-swell. 


Severe: frost 
action, wetness. 


Severe: wetness, 
floods, frost 
action. 


Severe: wetness. 


Severe: 
low strength, 
frost action, 
shrink-swell. 


Severe: 
low strength, 
frost action, 
shrink-swell. 
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Dwellings 


Map symbol and Shallow 


. : without 
soil name excavations basements 
606: 
Lanyon —--------_ Severe: wetness, Severe: wetness, 
too clayey. shrink-swell. 
733: 
Caleo -.---------- Severe: wetness, Severe: floods, 
floods low strength, 
shrink-swell. 
8238: 
Flagler ~----.--~- Severe: cutbanks | Slight -.-----.---- 
cave. 
823C2: 
Flagler ~-.--_---_ Severe: cutbanks | Slight --..-------- 
cave. 


each soil horizon is defined, and the presence of very 
firm or extremely firm horizons, usually difficult to 
excavate, is indicated. 

Dwellings and small commercial buildings referred 
to in table 4 are built on undisturbed soil. The founda- 
tion load is that of a dwelling no more than three 
stories high. Separate ratings are made for small 
commercial buildings without basements and for 
dwellings with and without basements. For such 
structures, soils should be sufficiently stable that 
cracking or subsidence from settling or shear failure 
of the foundation do not occur. These ratings were 
determined from estimates of the shear strength, com- 
pressibility, and shrink-swell potential of the soil. Soil 
texture, plasticity and in-place density, potential frost 
action, soil wetness, and depth to a seasonal high water 
table indicate potential difficulty in providing ade- 
quate drainage for basements, lawns, and gardens. 
Depth to bedrock, slope, and large stones in or on the 
soil are also important considerations in the choice of 
sites for these structures and were considered in deter- 
mining the ratings. Susceptibility to flooding is a 
serious limitation. 

Local roads and streets referred to in table 4 have 
an all-weather surface that can carry light to medium 
traffic all year. They consist of a subgrade of the 
underlying soil material; a base of gravel, crushed 
rock fragments, or soil stabilized with lime or cement; 
and a flexible or rigid surface, commonly asphalt or 
concrete. The roads are graded with local soil. Most 
cuts and fills are less than 6 feet deep. 

The load supporting capacity and soil stability, as 
well as the quantity and workability of available fill 
material, are important in design and construction of 
roads and streets. The AASHTO and Unified classi- 
fications of soil and soil texture, density, shrink-swell 
potential, and-frost action potential were used in mak- 
ing the ratings. Also considered were soil wetness, 
flooding, slope, depth to hard rock or very compact 
layers, and content of large stones, all of which affect 
stability and ease of excavation. 


Small 


Dwellings with ‘ Local roads 
commercial 

basements buildings and streets 

Severe: wetness, Severe: wetness, Severe: frost 


action, wetness, 
shrink-swell, 


shrink-swell. shrink-swell. 


Severe: floods, 
low strength, 
shrink-swell. 


Severe : floods, 
low strength, 
shrink-swell. 


Severe: floods, 
low strength, 
shrink-swell. 


Slight Slight Slight. 


Moderate: slope --| Slight. 


Slight 


Sanitary facilities 

Favorable soil properties and site features are 
needed for proper functioning of septic tank absorp- 
tion fields, sewage lagoons, and sanitary landfills. The 


nature of the soil is important in selecting sites for 


these facilities, and in identifying limiting soil proper- 
ties and site features to be considered in design and 
installation. Also, soil properties that are relevant to 
ease of excavation or installation of these facilities 
will be of interest to contractors and local officials. 
Table 5 shows the degree and kind of limitations of 
each soil for these uses and for use of the soil as 
daily cover for landfills. 

If the degree of soil limitation is indicated by the 
ratings slight, soils are favorable for the specified use 
and limitations are minor and easily overcome; if 
moderate, soil properties or site features are unfavor- 
able for the specified use, but limitations can be over- 
come by special planning and design; and if severe, 
soil properties or site features are so unfavorable or 
difficult to overcome that major soil reclamation, special 
designs, or intensive maintenance are required. 

Septic tank absorption fields are subsurface _sys- 
tems of tile or perforated pipe that distribute effluent 
from a septic tank into the natural soil. Only the soil 
horizons between depths of 18 and 72 inches are 
evaluated for this use. Soil properties and site features 
considered are those that affect the absorption of 
effluent and those that affect construction of the system. 

Properties and features that affect the absorption 
of effluent are permeability, depth to seasonal high 
water table, depth to bedrock, and susceptibility to 
flooding. Stones, boulders, and a shallow depth to bed- 
rock interfere with installation. Excessive slope may 
cause lateral seepage and surfacing of effluent in down- 
slope areas. Also, soi! erosion and soil slippage are 
hazards where absorption fields are installed in slop- 
ing soils. 

Some soils are underlain by loose sand and gravel 
or fractured bedrock at a depth of less than 4 feet 


Map symbol and Septic tank 
4 absorption 
soil name fields 
ID3: 

pA OA Moderate: slope _. 

1E3: 

Wa} etoseoece See Severe: slope ~___ 

IF3: 

Ida. eoshccnselcse Severe: slope —___ 

5B: 

Kennebec part ---_| Severe: floods, 
wetness. 

Ackmore part _-_.| Severe: percs 
slowly, floods, 
wetness, 

CSB: 

Kennebec part ~-_| Severe: floods, 
wetness. 

Ackmore part -.._| Severe: peres 
slowly, floods, 
wetness. 

6: 

Okoboji -----..___ Severe: peres 
slowly, wetness, 
floods. 

8c: 

Judson —.- Slight _--..__.____ 

9B, 9B2: 

Marshall ____.____. Slight ~----_______ 

C,.9C2: 

Marshall _-.______ Slight 22-2250) 

9D2.9D3: 

Marshall ~--______ Moderate: slope —_ 

10D3: 

Monona ~_--._---_ Moderate: slope —_ 

10E3: 

Monona ~--..--.-_ Severe: slope —___ 

VIB: 

Colo part -..---__ Severe: peres 
slowly, wetness, 
floods. 

Ely part ---______ Severe: wetness __ 

24C2: 

Shelby ~-_-__-.__ Severe: percs 
slowly. 

24D2: 

Shelby --.-.._____ Severe: percs 

slowly. 
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TABLE 5.—Sanitary facilities 


[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of “slight,” “moderate,” and 
other terms used to rate soils. Absence of an entry means soil was not rated] 


Sewage lagoon 
areas 


Severe: slope —___ 


Severe: slope —._ 
Severe: slope —___ 
Severe: floods __ 


Severe: floods, 
wetness. 


Severe: floods ___ 


Severe: floods, 
wetness. 


Severe: excess 
humus, wetness. 


Moderate: 
seepage, 


slope, 


Moderate: 


seep- 
age, slope. 


Severe: slope 


Severe: slope -_._ 


Severe: slope ... 
Severe: slope —... 
Severe: excess 


humus, wetness, 
floods. 


Moderate: excess 
humus, seepage, 
wetness. 


Severe: slope —.._ 


Severe: slope ~_._ 


Trench sanitary 
landfill 
Slight -------.--_. 
Moderate: slope -. 
Severe: slope —--_ 

Severe: floods, 
wetness. 

Severe: floods, 
wetness. 

Severe: floods, 
wetness. 

Severe: floods, 
wetness. 

Severe: wetness, 
floods. 
Moderate: too 
clayey. 
Moderate: too 
clayey. 
Moderate: too 
clayey. 
Moderate: too 
clayey. 

Slight --.._-______ 
Moderate: slope ._ 
Severe: wetness, 
floods. 

Severe: wetness __ 
Moderate: too 
clayey. 
Moderate: too 


clayey. 


Area sanitary 
landfill 


Moderate: slope —- 


Severe: slope —.-- 


Severe: slope —-.. 


Severe: floods, 
wetness. 


Severe: floods, 
wetness, 


Severe: floods, 
wetness, 


Severe: floods, 
wetness. 


Severe: wetness, 
floods. 


Slight -------_____ 
Slight -------_.___ 
Slight ~----_-_____ 
Moderate: slope —_ 
Moderate: slope __| 
Severe: slope —.__ 
Severe: wetness, 
floods. 
Moderate: wet- 
ness. 

Slight ---.-_._____ 
Moderate: slope —_ 
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Daily cover 
for landfill 


Fair: slope. 


Poor: slope. 
Poor: slépe. 
Fair: too clayey. 


Fair: thin layer. 


Fair: too clayey. 


Fair: thin layer. 


Poor: wetness, 
Fair: tooclayey. 
Fair: too clayey. 
Fair: too clayey. 
Fair: too clayey, 
slope. 
Fair: slope. 
Poor: slope. 
Poor: wetness. 
Fair: too clayey. 
Fair: tooclayey, 
slope. 
Fair: too clayey, 
slope. 


78 


Map symbol and 
soil name 


26B: 


33E: 
Steinauer 


33F: 
Steinauer 


55; 
Nicollet 


62C, 62D: 
Storden 


62E, 62F: 
Storden 


62G: 


Storden ..-.----_ 


73C: 
Salida 


ac 
Sac 
Sac 


78C, 78C2: 
AC 
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Septic tank 
absorption 
fields 


Severe: percs 
slowly, slope. 


Severe: floods, 
wetness, 


Severe: percs 
slowly, wetness. 


Severe: percs 
slowly. 
Severe: percs 


slowly, slope. 


Moderate: 
slope.* 


Severe: percs 
slowly, wetness, 
floods. 


Severe: wetness —_ 


Moderate: slope —- 


Severe: slope --~_ 
Severe: slope ~.-- 
Slight? ~~ -.<..... 
Moderate: slope* — 
Slight -.-------_-- 
Slight, -s-<<-2-2-2 
Moderate: percs 
slowly. 
Moderate: percs 


slowly. 


Sewage lagoon 
areas 


Severe: slope ~--- 


Severe: floods -~. 


Moderate: seep- 
age, excess 
humus. 


Severe: wetness, 
excess humus. 


Severe: slope ---- 

Severe: slope ~--- 

Severe: seepage, 
slope. 

Severe: excess 
humus, wetness, 
floods. 

Moderate: wet- 


ness, slope. 


Severe: slope ..-- 


Severe: slope —--- 


Severe: slope ~~~. 


Severe: 
slope. 


Severe: 
slope. 


seepage, 


seepage, 


Moderate: 
age, slope. 


seep- 


Severe: slope —---- 


Moderate: seep- 
age, slope. ° 


Severe: slope —--- 


Trench sanitary 
landfill 


Moderate: too 
clayey, slope. 


Severe: floods, 
wetness. 


Severe: wetness -— 


Moderate: 
clayey. 


too 


Moderate: 
too clayey. 


slope, 


Severe: seepage —__ 


Severe: wetness, 
too clayey, 
floods. 


Severe: wetness -_ 


Moderate: slope —_ 


Severe: slope —_-- 
Severe: seepage —_ 


Severe: seepage .— 


Moderate: 
clayey. 


too 


Moderate: 
clayey. 


too 


Moderate: 
clayey. 


too 


Moderate: too 


clayey. 


Area sanitary 


landfill 
Severe: slope —--_ 
Severe: floods, 
wetness. 
Slight 2-2-2. 
Severe: wetness —- 
Moderate: slope -- 
Severe: slope ---- 
Severe: seepage -~ 
Severe: wetness, 
floods. 
Moderate: wet- 
ness. 
Moderate: slope —- 
Severe: slope ---_ 
Severe: slope ..-_ 
Severe: seepage —_ 
Severe: seepage __ 
Slight --....-.---_ 
Slight -----------_ 
Slight 2o2s-ceses5! 
Slight --------__-- 


Daily cover 


for landfill 

Poor: slope. 
Fair: too clayey. 
Good. 
Poor: wetness. 
Fair: too clayey, 

slope. 
Poor: slope. 
Fair: too sandy, 

slope. 
Poor: wetness, 

too clayey. 
Fair: too clayey. 
Fair: slope. 
Poor: slope. 
Poor: slope. 
Poor: too sandy. 
Poor: too sandy. 
Fair: tooclayey. 
Fair: tooclayey. 
Fair: tooclayey. 
Fair: too clayey. 
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Map symbol and Septic tank 
rf absorption 
soil name elds 
ol: 

Primghar ~..--.__ Severe: percs 

slowly, wetness. 
92: 
Marcus ~__-._____ Severe: peres 
slowly, wetness. 
95: 
Harps ~~---__.__ Severe: wetness __ 
107: 
Webster ~________ Severe: wetness __ 
108. 108B: 

Wadena _________ Slight? ...-.-____ 

108C2: 

Wadena _________ Moderate: 
slope. 

133: 

Colo ----_-_-_ Severe: peres 

slowly, wetness, 
oods. 
134: 

Zook ~~~.0--_____ Severe: percs 
slowly, wetness, 
floods. 

135, 135B: 

Coland ~.-__-.___ Severe: floods, 
wetness, 

138B: 

Clarion ~---______ Slight --__________ 

138C, 138C2; 

Clarion ~~--._____ Slight ~----_______ 

138D2:_ 

Clarion -...______ Moderate: slope __ 

174B: 

Bolan ___________ Slight <oseccs 

174C2: 

Bolan -.-..--.-._ Slight? 0 

174D2; 

Bolan ~~ --.-____ Moderate: 
slope.* 

201B: 

Coland part ~--_._ Severe: floods, 
wetness, 

Spillville part --.| Severe: floods, 
wetness. 

C201B: 

Coland part _.___ Severe: floods, 

wetness. 


Sewage lagoon 
areas 


Moderate: wet- 
ness, excess 
humus. 


Severe: wetness, 
excess humus. 


Severe: wetness __ 


Severe: excess 
humus, wetness. 


Severe: seepage -_ 

Severe: seepage, 
slope. 

Severe: excess 


humus, wetness, 
floods. 


Severe: excess 
humus, wetness, 
floods. 


Severe: floods, 
wetness. 


Moderate: 
seepage. 


slope, 


Severe: slope, 
seepage. 


Severe: slope, 
seepage, 


Severe: seepage —_ 


Severe: slope, 
seepage. 


Severe: slope, 
seepage. 


Severe: floods, 
wetness, 


Severe: floods, 


Severe: floods, 
wetness. 


Trench sanitary 


landfill 
Severe: wetness —_ 
Severe: wetness —_ 
Severe: -wetness —_ 
Severe: wetness __ 
Severe: seepage —_ 
Severe: seepage —_ 
Severe: wetness, 
floods. 
Severe: wetness, 


too clayey, floods. 


Severe: floods, 
wetness, 

Slight -------_____ 

Slight ----.--_____ 

Slight -.--.-_____ 

Severe: seepage —_ 

Severe: seepage —_ 

Severe: seepage —_ 

Severe: floods, 
wetness. 

Severe: floods _-- 


Severe: floods, 
wetness. 


‘Area sanitary Daily cover 
landfill for landfill 
Moderate: wet- Fair: too clayey. 
ness., 
Severe: wetness __| Poor: wetness. 
Severe: wetness __| Poor: wetness. 
Severe: wetness __| Poor: wetness. 
Severe: seepage _.| Fair: thin layer. 
Severe: seepage -_| Fair: | thin layer, 
slope. 
Severe: wetness, | Poor: wetness. 
floods. 
Severe: wetness, | Poor: wetness, 
floods. too clayey. 
Severe: floods, Poor: wetness. 
wetness. 
Slight _...._-_____ Good. 
Slight ~----.-_____ Good. 
Moderate: slope __| Fair: slope. 
Severe: seepage __| Fair: thin layer, 
slope. 
Severe: seepage ..| Fair: thin layer, 
slope. 
Severe: seepage -.| Fair: slope. 
Severe: floods, Poor: wetness. 
wetness. 
Severe: floods _._| Good. 
Severe: floods, Poor: wetness. 
wetness, 
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Map symbol and Septic tank 
* absorption 
soil name fields 
C2018: 

Spillville part ~.--| Severe: floods, 
wetness, 

202, 203: 

Cylinder --------~ Severe: 

wetness." 
221: 

Palms ~---------- Severe: wetness, 

floods. 
234: 

Nishna __----._-- Severe: floods, 
percs slowly, 
wetness. 

236B: 
Lester ~-.------.. Moderate: percs 
“slowly. 
259: 

Biscay ~.-----..-- Severe: 

wetness." 
274: 

Rolf@ ssecesewsous Severe: floods, 
percs slowly, 
wetness. 

308, 308B: 
Wadena --------- Slight *.Wo2-.cc5 
310: 

Galva —---------- Slight -....---.. 

310B, 310B2: 

Galva __.-~~.---- Slight -------____. 

310C, 3!0C2: ‘ 
Galva —-_--~.---- Slight -----_..-.. 
T310, T310B: 
alva  -----_---_ Slight* ..-....-< 

315: 

Alluvial land ~---_ Severe: floods ~__ 
3238: 

Terri] ~--_---____ Slight*® —..2.22-...! 
325: 

Le Sueur ---_-___ Severe: wetness __ 
354: 

Marsh ~-~--.--.- Severe: wetness —_ 

4: 

Collinwood —~~----. Severe: perces 
slowly. 

390: 

Waldorf ---_~---- Severe: wetness, 

peres slowly. 
3978: 
Letri. 22seceee0 53 Severe: wetness -_ 


Sewage lagoon 
areas 


Severe: floods —-- 


Severe: seepage —_ 


Severe: wetness, 
excess humus, 
seepage. 


Severe: floods, 
wetness. 


Moderate: slope, 


seepage. 


Severe: seepage, 
wetnegs. 


Severe: floods, 
wetness, excess 


Trench sanitary 
landfill 


Severe: floods --- 


Severe: seepage —— 


Severe: wetness, 
floods, seepage. 


Severe: floods, 
wetness, too 
clayey. 


Severe: seepage, 
wetness. 


Severe: floods, 
wetness, too 


humus, clayey. 
Severe: seepage __| Severe: seepage —- 
Moderate: seep- Moderate: too 
age. clayey. 
Moderate: slope, Moderate: too 
seepage. clayey. 
Severe: slope --__| Moderate: too 
clayey. 
Severe: seepage __}| Severe: seepage -_ 
Severe: floods _--| Severe: floods -__ 
Severe: seepage __| Severe: seepage -- 
Moderate: wet- Severe: wetness —— 
ness. 
Severe: wetness ..| Severe: wetness __ 
Moderate: wet- Severe: wetness, 
ness, too clayey. 
Severe: wetness __| Severe: wetness, 
too clayey. 
Severe: wetness ._|[Severe: wetness —- 


Area sanitary 
landfill 
Severe: floods ~-- 
Severe: seepage —- 
Severe: wetness, 
floods, seepage. 

Severe: floods, 
wetness. 

Slight: 2225222222. 

-Severe: wetness __ 
Severe: floods, 
wetness. 

Severe: seepage —_ 
Slight -.__._.___-- 
Slight -------_..-- 
Slight ---.-------_ 
Slight ---..--.--_- 
Severe: floods -~- 
| a 
Moderate: wet- 
ness, 

Severe: wetness __ 
Moderate: wet- 
ness. 

Severe: wetness ~_ 
Severe: wetness - 


Daily cover 
for landfill 


Good. 


Fair: thin layer. 


Poor: excess 
humus, hard to 
pack, 


Poor: too clayey, 
wetness. 
Fair: too clayey. 
Poor: wetness. 
Poor: wetness. 
Fair: thin layer. 
Fair: too clayey. 
Fair: too clayey. 
Fair: too clayey. 
Fair: too clayey. 
Poor: wetness. 
Good. 
Fair: too clayey. 
Poor: wetness. 
Poor: too clayey. 
Poor: wetness, 
too clayey. 
Poor: wetness. 
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Septic tank 

BEE abel and absorption 

fields 
428: 
Bly cccceedicocccuu Severe: wetness — 
430, 430B: 

Ackmore —___.____ Severe: peres 
slowly, floods, 
wetness. 

485, 485B: 

Spillville -----..-_ Severe: floods, 

wetness. 
506: 

Wacousta ~--_._.. Severe: peres 
slowly, wetness, 
floods. 

507: 

Canisteo ~~ --___ Severe: wetness —_ 

tl 

Blue Earth _______ Severe: wetness, 
floods. 

559: 

Taleot ~------_.__ Severe: 

wetness,” 
57702: 

Everly ~---.-----~ Slight -----.______ 

577D2: 

Everly -.-..----__ Moderate: slope __ 

606: 

Lanyon ~----_---- Severe: percs 

slowly, wetness. 
733: 

Caleo ~..--_______ Severe: percs 
slowly, wetness, 
floods. 

823B: 

Flagler -~__-______ Slight: coco. coco es 

823C2: 

Flagler ~.----_--. Slight -----_._____ 


Sewage lagoon 
areas 


Moderate: excess 
humus, seepage, 
wetness. 


Severe: floods, 
wetness. 
Severe: floods, 


wetness, excess 
humus. 


Severe: wetness -_ 


Severe: wetness __ 


Severe: 
floods. 


wetness, 


Severe: wetness, 
seepage. 


Moderate: seep- 
age, excess 
humus, slope. 


Severe: slope —-_- 


Moderate: 
humus. 


excess 


Severe: excess 
humus, wetness, 
floods. 


Severe: seepage —_ 
Severe: slope, 
seepage. 


Trench sanitary 
landfill 


Severe: wetness —_ 


Severe: floods, 
wetness. 


Severe: floods, 
wetness. 


Severe: wetness —_ 


Severe: wetness —_ 


Severe: 
floods. 


wetness, 


Severe: wetness, 
seepage. 


Slight 


Severe: wetness, 
too clayey. 


Severe: 
floods. 


wetness, 


Severe: seepage —_ 


Severe: seepage __ 


Area sanitary 
landfill 


Moderate: 
ness. 


wet- 


Severe: floods, 
wetness. 


Severe: floods, 
wetness, 


Severe: wetness __ 


Severe: wetness —_ 


Severe: wetness, 


floods. 


Severe: wetness, 
seepage. 


Slight 


Moderate: slope ~_ 


Severe: wetness -_ 


Severe: wetness, 


floods. 


Severe: seepage —- 


Severe: seepage —_ 


Daily cover 


for landfill 

Fair: tooclayey. 
Fair: too clayey. 
Good. 
Poor: wetness, 

too clayey. 
Poor: wetness. 
Poor: wetness. 
Poor: wetness. 
Fair: tooclayey. 
Fair: too clayey, 

slope. 
Poor: wetness, 

too clayey. 
Poor: wetness. 
Fair: thin layer. 
Fair: thin layer. 


* Danger of contamination of ground water because of porous substratum. 


below the tile lines. In these soils the absorption field 
does not adequately filter effluent, and as a result, 
ground water supplies in the area may be contami- 
nated. Soils that have a hazard of inadequate filtra- 
tion are indicated by footnotes in table 5. 

Percolation tests are performed to determine the 
absorptive capacity of the soil and its suitability for 
septic tank absorption fields. These tests should -be 
performed during the season when the water table is 
highest and the soil has minimum absorptive capacity. 


In many soils that have moderate or severe limita- 
tions for septic tank absorption fields, it may be pos- 
sible to install special systems that lower the seasonal 
water table or to increase the size of the absorption 
field to achieve satisfactory performance. 

Sewage lagoon areas are shallow ponds constructed 
to hold sewage while bacteria decompose solid and 
liquid wastes. Lagoons have a nearly level flow area 
surrounded by cut slopes or embankments of com- 
pacted, nearly impervious soil material. They are gen- 
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[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of “good,” “fair,” and 
“noor.” Absence of an entry means soil was not rated] 


ae corn Roadfill Sand Gravel Topsoil 
ID3: a 
Id8) oases ccussce= Poor: frost action ~-----~ Unsuited ~------------ Unsuited ~------------ Fair: slope. 
1E3: 
(ee ee ee Poor: frost action ~------ Unsuited ~-------.---- Unsuited -.----------- Poor: slope. 
1F3: 
Ida <222s-----=---ni5< Poor: slope, frost action ~_) Unsuited -~--.---~----- Unsuited -----._----~- Poor: slope. 
SB: 
Kennebec part ~------- Poor: excess humus, frost | Unsuited ------------- Unsuited ~------~----- Fair: too clayey. 
action, low strength. 
Ackmore part ~.------ Poor: low strength, Unsuited ~--------~--- Unsuited ~-.----.----- Good. 
shrink-swell, frost action. 
C5B: ‘ 
Kennebec part -------- Poor: excess humus, frost | Unsuited ~------------ Unsuited ~----.---.-.- Fair: too clayey. 
action, low strength. 
Ackmore part —------. Poor: low strength, Unsuited ~------------ Unsuited ~----.---.--- Good. 
; shrink-swell, frost action. 
&: 
Okoboji -.------..---- Poor: wetness, low Unsuited --------~---- Unsuited ~----.----.-- Poor: wetness. 
strength, shrink-swell. 
8C: F 
Judson -------.------- Poor: frost action, low Unsuited —------------ Unsuited ------------- Fair: too clayey. 
strength. 
9B, 982, 9C, 9C2: 
Marshall ~------------ Poor: low strength, frost Unsuited ~-..--------- Unsuited -_---------~- Fair: too clayey. 
action. 
9D2, 9D3: ; 
Marshall ~---_-------- Poor: low strength, frost Unsuited ~------------ Unsuited ~---------~-- Fair: too clayey, 
action. slope. 
10D3: : 
Monona —~~-----~-~~-~- Poor: low strength, frost Unsuited ..--.-.------ Unsuited _------------ Fair: slope. 
action. 
10E3: 
Monona --------~----- Poor: low strength, frost Unsuited ------------- Unsuited ~---.-.----~- Poor: slope. 
action. 
IIB: ; 
_ Colo part-_____-.-.--- Poor: wetness, shrink- Unsuited ~------~----- Unsuited ~.--------~--- Poor: wetness. 
swell, low strength. 
Ely part ----.--.----- Poor: frost action, low Unsuited ~-----_------ Unsuited ~-----.------ Fair: too clayey. - 
strength. 
24C2: ; Z 
Shelby -~------------.. Poor: low strength ------ Unsuited ~---...-----_ Uisuited. ~-...--..--_ Fair: thin layer. 
24D2: si . 
Shelby ~-------.----.- Poor: low strength ~--~-- Unsuited ~_---_------- Unsuited ~.----------- se ie thin layer, 
slope. 
24E2: 
Shelby ~-----------.-. Poor: low strength --..-- Unsuited ~.----------~ Unsuited ~------------ Poor: slope. 
268: é 
Kennebec ~.------~-~- Poor: excess humus, frost | Unsuited ~-----...---- Unsuited ~-------_~-.- Fair: too clayey. 
action, low strength. 
27C: 
Terri] --------------- Fair: low strength, frost Unsuited ~-..--------- Unsuited --------.--.- Good. 


action. 


Map symbol and 
soil name 


33E: 
Steinauer 


33F: 
Steinauer 


62C, 62D: 
Storden 


62E, 62F: 
Storden 


62G: 
Storden 


73C, 73D: 
Salida 


77B, 77B2, 77C, 77C2, 
78B, 78B2, 78C, 78C2: 
Sac 


ol: 
Primghar 


107: 
Webster 


108. 108B: 
Wadena 


108C2: 
Wadena 


135, 1358: 
Coland 
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Roadfill 


Poor: wetness, low 
strength, shrink-swell. 


Poor: low strength —---__ 
Poor: low strength ~~... 
G00d 9 oes ne 
Poor: wetness, shrink- 


swell, low strength. 


Poor: frost action, low 
strength. 

Fair: frost action -_-.---_ 
Fair: slope,frost action ~~ 
Poor: slope ------------- 
G00d: soose she foo aan Sao eT ee 
Poor: low strength ~_---~ 
Poor: low strength, 


shrink-swell, frost action. 


Poor: wetness, low 
strength, shrink-swell. 


Poor: low strength, frost 
action, wetness. 


aie ow rene 
Good -sssesssssscecscetke= 
Godd 2s. eee 
Poor: wetness, shrink- 


swell, low strength. 


Poor: wetness, shrink- 
swell, low strength. 


Poor: low strength, excess 
humus, frost action. 


Sand 


Unsuited 


Unsuited 


Unsuited 


Unsuited 


Gravel Topsoil 
Unsuited) --.---.----<- Poor: wetness. 
Unsuited ~------------ Poor: thin layer. 
Unsuited ~--.--_.----- Poor: thin layer, 

slope. 
Unsuited -.-.--_--__-- Poor: too sandy. 
Unsuitéd .22222-4.--- Poor: wetness, 
too clayey. 
Unsuited ~---___._-___ Good 
Unsuited ~--_-________ Fair: slope, thin 
layer. 
Unsuited ~-----_-___-_ Poor: slope. 
Unsuited -.----.-.-.-. Poor: slope. 
Fair: excess fines __-_| Poor: too sandy, 
area reclaim. 
Unsuited —___._.-_____ Fair: too clayey. 
Unsuited —~__.---.---- Fair: too clayey. 
Unsuited ~--_-__-.--_- Poor: wetness, 

: too clayey. 
Unsuited ~------------ Poor: wetness. 
Unsuited ~.-.------_-- Poor: wetness. 
Fair: excess fines ____| Good. 

Fair: excess fines ____| Fair: slope. 
Unsuited ~--__-.--._-- Poor: wetness. 
Unsuited ~..---_---_-_ Poor: wetness, 
too clayey. 
‘Unsuited ..------____ Poor: wetness. 
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Map symbol and a 
soil name Roadfill Sand Gravel Topsoil 


1388, 138C, 138C2: 


Clarion. -s-.22+. 22.52 Fair: frost action, low Unsuited ~---.---.-.-_ Unsuited ----------.-- Good. 
strength. 
138D2:_ . 
Clarion: 22--5.2ssssss- Fair: frost action, low Unsuited ~-----.-----. Unsuited ~---------.-- Fair: slope. 
strength. 
(74B, 174C2: 
Bolan: 22--22--2-2225 Good —..----.--.---------- Poor: excess fines ____| Unsuited ~...--.---.-- Good. 
174D2 
Bolan ~_~---_-------- GOO Poor: excess fines ____| Unsuited ------------_ Fair: slope. 
201B: 
Coland part -.---.--.. Poor: lowstrength, excess | Unsuited ~--____._.___ Unsuited ~--------.-.. Poor: wetness. 
humus, frost action. 
Spillville part .----_._ Fair: shrink-swell, Unsuited ~---.--_____ Unsuited ~--.--------_ Good. 
wetness, frost action. 
C2018: 
Coland part ~-.-.--.. Poor: low strength, excess | Unsuited ~------_-.--_ Unsuited ~-----___---- Poor: wetness. 
. humus, frost action. 
Spillville part ..._.____. Fair: shrink-swell, Unsuited ~-.....-_____ Unsuited -----_.----.- Good. 
wetness, frost action. 
202, 203: 
Cylinder ~......--..__ Ct |: a ee re Good —----------_--_-. Fair: excess fines -___| Good. 
221: 
Palms —_-.----------. Poor: wetness, excess Unsuited _____________ Unsuited -----.--.-_.. Poor: wetness. 
humus. 
234: 
Nishna ~------.-_..--_ Poor: low strength, Unsuited ~-__-________ Unsuited ~.----.---__. Poor: too clayey, 
shrink-swell, wetness. wetness. 
236B: ; 
Lester’ 2cs222508. 3 Poor: low strength ~.---- Unsuited ~.._.________ Unsuited, -----.---_-_ Fair: too clayey. 
259: : 
Biscay _-__.--_______. Poor: frost action _..--__ Good  ~----.-_._-______ Poor: excess fines ____| Poor: wetness. 
274: | 
Rolfe: 22sec Poor: low strength, Unsuited ~..-________ Unsuited ~_._-__.___-- Poor: wetness. 
shrink-swell, wetness. 
308, 308B: 
Wadena —--..-.-.--..- Good eens e cea Good. « asixccscesceeuss Fair: excess fines ___.| Good. 
310, 310B, 31082, 
310C, 310C2: ; 
Galva. o-oo ce5o2 8 Poor: low strength, frost Unsuited ~--__-_______ Unsuited -----.------- Fair: too clayey. 
action. 
T310, T310B: r 
Galva: coo ses he Poor: low strength, frost Good: 2222255. wsce ced Good) 22222222 a one Fair: too clayey. 
action. 
315: 
Alluvial land _.____-.-_| Poor: wetness, frost Pair: 22soc ec. Wait? gosc2 ee Good. 
action. 
323B: 
Terri] ~-----____-_____ Fair: low strength, frost Fair: excess fines ..__| Poor: excess fines _-__| Good. 
action. 
325: . 7 F 
Le Sueur ~----...-.-- Poor: frost action, low Unsuited ~_-.-_---___ Unsuited ~----------.. Fair: thin layer. 


strength. 


Map symbol and 
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soil name Roadfill Sand Gravel Topsoil 
354: 
Marsh —~~----------_._ Poor: wetness ~---.._-__ Unsuited ~---_______._ Unsuited ~--.--.-_____ Poor: wetness. 
384: 
Collinwood ~-.-.-_---. Poor: shrink-swell ._-____ Unsuited ~--___.-_-_._ Unsuited —-_-.-------- Poor: tooclayey. 
390: 
Waldorf ____.--_-_-__ Poor: wetness, frost Unsuited ~_._-_-_____-_ Unsuited ~------------ Poor: _ wetness, 
action, shrink-swell. too clayey. 
397B: 
Wietri) <Sss2e. coe eS Poor: frost action, low Unsuited ~-----------_ Unsuited ~---.__---_-_ Poor: wetness. 
strength. 
428: 
Bly" psna cons es Poor: frost action, low Unsuited ~.---.--L_-. Unsuited ~--.-.------- Fair: too clayey. 
strength. 
430, 430B: 
Ackmore ~--~-.----_- Poor: low strength, Unsuited ~-.---_-_-___ Unsuited ~------------ Good. 
shrink-swell, frost action. 
485, 4858: 
Spillville .-----.-.__ Fair: shrink-swell, Unsuited ~-----_______ Unsuited ~-----------_ Good. 
wetness, frost action. 
506: 
Wacousta ~--_-.-.___- Poor: area reclaim, Unsuited ____--_______ Unsuited ~-----______ Poor: area 
shrink-swell, wetness. reclaim, wetness, 
too clayey. 
507: ; 
Canisteo =--.--..-.-. Poor: frost action ~----~ Unsuited _____________ Unsuited __-______-_-- Poor: excess 
lime, wetness. 
Sil: 
Blue Earth ~_-_-_____ Poor: excess humus, low Unsuited _._..____-____ Unsuited ~--.--_---_-- Poor: wetness. 
strength. 
Talcot .---_-__--____ Poor: wetness, frost Gd68 senso cs Sok Fair: excess fines ____| Poor: wetness. 
action. 
577C2: 
Everly ~----------___ Fair: low strength, frost | Unsuited ~...--_-_.--_ Unsuited ------------- Fair: too clayey. 
action, 
577D2: 
Everly .2.---._--____ Fair: low strength, frost Unsuited __-_-_______- Unsuited ---_------__- Fair: too clayey, 
action. slope. 
606: 
TARYON eet ses Poor: area reclaim, Unsuited ~_-__________ Unsuited ~---_-_____-_ Poor: area 
shrink-swell, wetness. reclaim, wetness, 
too clayey. 
733: 
Caled: canbe od Poor: wetness, shrink- Unsuited ...---_____ Unsuited ~-----_------ Poor: wetness. 
swell, low strength, 
823B, 823C2: 
Flagler ~-_.--__--__.. GOOd a2 28 22 Good ~--.----- ue. Fair: excess fines ----| Good. 


erally designed so that depth of sewage is 2 to 5 feet. 
Impervious soil at least 4 feet thick for the lagoon 
floor and sides is required to minimize seepage and 
contamination of local ground water. Soils that are 
very high in organic matter content and those that 
have. stones and boulders are undesirable. Unless the 
soil is very slowly permeable, contamination of local 


ground water is a hazard in areas where the seasonal 
high water table is above the level of the lagoon floor. 
In soils that have a high water table, seepage of ground 
water into the lagoon can seriously reduce its capacity 
for liquid waste. Slope, depth to bedrock, and suscep- 
tibility to flooding also affect the location of sites for 
sewage lagoons and the cost of construction. Shear 
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[Some terms that describe restrictive soil features are defined in the Glossary. Absence of an entry means soi! was not evaluated] 


Map symbol and 
soil name 


5B 


Ackmore part 


c 


Ackmore part 


Cy 
Judson 


9B, 9B2, 9C, 9C2, 9D2, 9D3: 


Marshall 


10D3, 10E3: 
Monona 


VIB: 
Colo part 


Shelby 


26B: 
Kennebec 


Kennebec part _----. 


58: 
Kennebec part ~------ 


Pond 
reservoir 
areas 


Embankments, dikes, 
and levees 


Aquifer-fed 
excavated 
ponds 


Drainage 


Irrigation 


diversions 


Terraces and| Grassed 


waterways 


Seepage --- 


Favorable — 


Seepage -.. 


Favorable _ 


Favorable _ 


Seepage -__ 


Seepage —__ 


Seepage —-_ 


Favorable — 


Favorable — 


Favorable _ 


Favorable _ 


Seepage ___ 


Low strength, com- 
pressible, piping. 


Low strength, com- 
pressible, excess 
humus. 


Low strength, 
compressible, 
shrink-swell. 


Low strength, 
compressible, 
excess humus. 


Low strength, com- 
pressible, shrink- 
swell, 


Compressible, 
low strength, 
shrink-swell. 


Compressible, 
low strength, 
shrink-swell, 


Compressible, 
low strength, 
shrink-swell. 


Low strength, com- 
pressible, piping. 


Compressible, low 
strength, hard to 
pack, 


Low strength, 
compressible, 
shrink-swell. 


Low strength, 
shrink-swell. 


Low strength, 
shrink-swell. 


Low strength, 
compressible, 
excess humus. 


No water -.| Not needed_ 


Deep to 
water. 


Deep to 
water. 


Deep to 
water 


Deep to 
water. 


Floods ---- 


Floods, 
wetness. 


Floods ~_.- 


Floods, 
wetness. 


Slow refill _| Peres 


No water -- 


No water —_ 


No water -- 


Slow refill _ 


Deep to 
water. 


No water -- 


No water -- 


Deep to 
water, 


slowly, 
poor out- 
lets, wet- 
ness. 


Not needed_ 


Not needed_ 


Not needed_ 


Floods, 
wetness. 


Favorable —_ 


Not needed. 


Not needed_ 


Floods ---- 


easily, 
excess 
lime. 


Floods ——- 


Floods, 
wetness. 


Floods ~--. 


Floods, 
wetness. 


Wetness, 
percs 
slowly. 


Floods, 
wetness, 


Favorable — 
Slow intake, 
slope, 


erodes 
easily. 


Slow intake, 
easily. 


Floods ____ 


piping. 


Favorable _ 


Not needed_ 


Favorable . 


Not needed_ 


Not needed_ 


Favorable _ 


Favorable _ 


Erodes 
easily. 


Not needed_ 


Favorable — 


Favorable _ 


Erodes 
easily, 
slope. 


Favorable — 


Favorable, 


Wetness, 


Favorable. 


Wetness. 


Not needed. 


Favorable. 


Favorable. 


Erodes 
easily. 


Wetness. 


Favorable. 


Erodes 
easily, 
slope. 


Erodes 
easily, 
slope. 


Favorable. 
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Map symbol and Pond | Embankments, dikes, | Adifer-fed 
. reservoir . * | excavated Drainage 
soil name areas and levees ponds gi 
27C: 

Perri: weeks po Favorable _| Low strength, No water ~_| Not needed_ 

compressible. 
3 

Alton) 22.) Favorable _) Compressible, Slow refill -] Peres 
low strength, slowly, 
shrink-swell. poor 

outlets, 
wetness. 
33E, 33F; 

Steinauer ~-_-________ Favorable _| Low strength, No water —-| Not needed_ 
shrink-swell, 

41D: 
Sparta --...-_______ Seepage ~__| Piping ~---.________ No water | Not needed_ 
54: 

DOOK ais an ae Favorable _| Shrink-swell, Slow refill _] Floods, wet- 
low strength, ness, peres 
hard to pack. slowly. 

55: . 

Nicollet --___-_____ Favorable | Shrink-swell, low Slow refill -| Favorable _ 

strength, piping. 


62C, 62D, &2E, 62F, 62G: 
Storden 


No water —- 


Seepage ___| Low strength Not needed_ 


73C, 73D: 
Salida 


Seepage ___| Seepage No water --| Not needed_ 


778, 77B2, 77C, 77C2, 78B, 
7882, 78C, 78C2: 


Irrigation 


Wetness, 
percs 
slowly. 


Erodes 
easily, 
complex 
slope. 


Seepage, 


droughty. 


Floods, 
wetness, 
percs 
slowly. 


Favorable -} Not needed_ 


Complex 
slope, 
erodes 
easily. 


Droughty, 
seepage. 


Slope, 
erodes 
easily. 


Terraces and 
diversions 


Favorable — 


Not needed_ 


Erodes 
easily, 
complex 
slope. 


Too sandy ~ 


Not needed_ 


Complex 
slope, 
erodes 
easily. 


Erodes 
easily, 
rooting 
depth. 


Favorable _ 


Favorable _| Favorable — 


Wetness, 
percs 
slowly. 


Not needed_ 


Excess lime,} Not needed_ 


wetness. 


Bae sooo ee Favorable -/ Low strength, No water -_| Not needed_ 
shrink-swell. 
91: 
Primghar ~_..________ Favorable _| Low strength, Deep to Favorable _ 
shrink-swell. water. 
92: 
Mareus ~___________ Favorable .| Compressible, Slow refill _| Peres 
low strength, slowly, 
shrink-swell. poor 
outlets, 
wetness. 
95: 
Marys: oss cect Favorable _| Low strength, Deep to Poor 
compressible. water. outlets. 
107: 
Webster ---___________ Favorable _| Compressible, low Deep to Wetness ~-- 
strength, hard to water. 
pack. 
108, 108B, 108C2: 
Wadena —.-.-______ Seepage ___| Seepage ___.________ No water __| Not needed_| Seepage, 


rooting 
depth. 


Wetness —__| Not needed_ 


Rooting 
depth. 


Grassed 
waterways 


Favorable. 


Wetness. 


Erodes 


easily, 
slope. 


Droughty. 


Wetness. 


Favorable. 


Erodes 
easily. 


Droughty, 
rooting 
depth. 


Slope. 


Favorable. 


Wetness. 


Not needed. 


Wetness. 


Rooting 
depth. 
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Map symbol and 
soil name 


135, 135B: 
Coland 


138B, 138C, 138C2, 138D2: 
Clarion 


174B, 174C2, 174D2: 
Bolan 


201B: 
Coland part 


Spillville part 


C201B: 
Coland part 


Spillville part 


202, 203: 
Cylinder 


221: 
Palms 


234: 
Nishna 


Pond 
reservoir 
areas 


Favorable — 


Favorable — 


Favorable _ 


Favorable — 


Seepage —-_- 


Favorable — 
Seepage —-. 
Favorable — 
Seepage ey 
Seepage ---. 


Seepage —-_ 


Favorable — 


Favorable _ 


Seepage —.. 
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5 Aquifer-fed 

Embankments, dikes. : 

i * | excavated Drainage 
and levees ponds 

Compressible, Slow refill _| Floods, 
low strength, wetness. 
hard to pack. 

Shrink-swell, low Slow refill _| Floods, 
strength, hard to wetness, 
pack, percs 

slowly. 

Compressible, low Slow refill _} Floods, 
strength, excess wetness. 
humus. 

Low strength, piping_}| No water -_| Not needed_ 

Seepage, piping -.-__ No water ~-| Not needed_ 

Compressible, low Slow refill _| Floods, 
strength, excess wetness. 
humus. 

Hard to pack, piping, | Deep to Not needed_ 
excess humus, water. 

Compressible, low Slow refill _| Floods, 
strength, excess wetness. 
humus. 

Hard to pack, piping, | Deep to Not needed. 
excess humus. water. 

Seepage, piping --___ Deep to Cutbanks 

water. cave. 

Compressible, hard to | Favorable _| Wetness, 
pack, low strength, floods, cut- 

banks 
cave, 

Low strength, Slow refill _| Floods, 
compressible, percs 
shrink-swell. slowly, 

poor 
outlets, 

Low strength ~__..__ No water ._| Not needed_ 

Favorable ~------.-_ Slow refill _| Cutbanks 

cave, 


wetness. 


Irrigation Terraces and 


diversions 

Floods, Not needed. 
wetness. 

Floods, Not needed_ 
wetness, 
percs 
slowly. 

Wetness, Wetness --- 

‘| floods. 

Complex Complex 
slope, slope, 
erodes erodes 
easily, easily. 

Slope ---__ Complex 

slope, 
piping 

Wetness, Wetness —-_ 
floods 


Favorable _| Favorable - 


Wetness, Wetness ~-- 


floods. 


Favorable —_| Favorable - 


Rooting Not needed_ 
depth. 

Wetness, Not needed_ 
fast in- 
take, soil 
blowing. 

Floods, Not needed_ 
percs 
slowly, 
wetness. 

Complex Complex 
slope, . slope, 
erodes erodes 
easily. easily. 


Wetness __.| Not needed_ 


Grassed 
waterways 


Wetness. 


Wetness. 


Wetness. 


Erodes 
easily. 


Favorable. 


Wetness. 


Favorable. 


Wetness. . 


Favorable. 


Not needed. 


Not needed. 


Not needed. 


Erodes 
easily, 
slope. 


Wetness. 
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Pond i Aquifer-fed ? . ot: |Terracesand| Grassed 
pee ice ei Teervolr eee excavaved Drainage | Irrigation |“ diversions | waterways 
areas : ponds 
274: 
Rolfe -.-.--____-____ Favorable _| Low strength, Slow refill _| Floods, Floods, Not needed_| Not needed. 
compressible, peres percs 
shrink-swell. slowly, slowly, 
poor wetness. 
outlets. 
aden s s Not needed_| S Rooti Rooting 
adena ~_--_~~---_-__ eepage -..| Seepage ~~~... -_ No water —_| Not needed_| Seepage, ooting 
me . rooting depth. depth. 
depth. . 
ae ae 310B2, 310C, 
10C2: 
Galva —-----_.-__-____ Favorable | Low strength, com- | No water -_| Not needed_| Erodes Favorable _| Favorable. 
pressible, piping. easily. 
7310: : 
GalVa: aoe25e see Seepage -._| Low strength, No water -_| Not needed_| Favorable _| Rooting Favorable. 
shrink-swell. depth, 
T310B ; 
GalWai 22 ooo se sect Seepage _._| Low strength, No water ._| Not needed_| Slope, Rooting Favorable. 
shrink-swell, erodes depth. 
easily. 
315: 
Alluvial land _________ Seepage —__|-------_-_-___-______ Slow refill _| Floods ~---] Floods ____| Not needed_j Not needed. 
323B: 
Terri] _-._._._-______ Seepage ___| Low strength, Deep to Not needed_| Seepage ___|Favorable _| Favorable. 
compressible. water. 
325: 
Le Sueur ----__-______ Favorable _| Shrink-swell, low Deep to Favorable _| Favorable _| Not needed_| Favorable. 
strength. water. 
354: 
Marsh ~_._-__________. Favorable _| Unstable fill _--_____ Favorable _| Poor Floods, Not needed_| Wetness. 
outlets. wetness. 
84: 
Collinwood ~--_-_-_____ Favorable _| Compressible, Slow refill _| Not needed_| Peres Peres Peres 
low strength, slowly, . slowly. slowly. 
shrink-swell. slow 
intake. 
390: 
Waldorf ~-~-_-_______ Favorable _| Shrink-swell, Slow refill _| Wetness, Wetness, Not needed_| Wetness, 
low strength, percs percs percs 
slowly. slowly. slowly. 
397B: 
Fs ee an a me a! Favorable _| Low strength, Slow refill _| Wetness .__| Wetness _..| Not needed_| Wetness. 
shrink-swell. 
428: 
Wy geese ee ee Favorable _| Low strength, Deep to Favorable _| Favorable _| Wetness __.| Favorable. 
compressible, water. 
shrink-swell. 
430, 430B: 
Ackmore —~---_-_-_-__ Favorable _| Low strength, Deep to Floods, Floods, Not needed_| Wetness. 
compressible, water. wetness, wetness. 
shrink-swell. 
485, 485B: 
Spillville ------_______ Seepage ___| Hard to pack, piping, | Deep to Not needed_| Floods -___| Favorable _| Favorable 
excess humus, water. 
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Map symbol and Pond | Embankments, dikes, 
soil name Feneryoly and levees 
areas 
506: 

Wacousta ~-.-.---__-_ Slope -----_ Compressible, low 
strength, hard to 
pack, ; 

507: 

Canisteo _.--__.-_.____ Favorable _| Compressible, 

low strength. 
Sil: 

Blue Earth _____._____ Favorable _| Low strength, 
compressible, 
excess humus. 

559: 

Taleot ~..-___________ Seepage .._| Seepage ----------_. 
577C2, 57702: 

Everly ----------_~_-. Favorable _| Low strength, piping- 
606: 

Lanyon: 23-26-25 Favorable _| Compressible, low 
strength, hard to 
pack. 

733: 

Caleo ..-...-.. Favorable _| Compressible, low 
strength, hard to 
pack. 

823B, 823C2: 
Flagler __---.------_- Seepage -__| Seepage, piping ~---- 


Aquifer-fed F soe Terraces and| Grassed 
bereirag Drainage Irrigation diversions | waterways 
Slow refill _}| Peres Peres Not needed.| Not needed. 

slowly, slowly, 
poor wetness. 
outlets. 
Deep to Favorable _| Wetness --_| Not needed_| Not needed. 
water. 
Slow refill _| Wetness, Wetness ___| Not needed_| Not needed. 
floods. 
Slow refill _| Cutbanks Wetness ---| Not needed_| Not needed. 
cave, 
wetness. 
No water -_| Not needed_| Erodes Favorable _] Slope. 
easily. 
Slow refill _| Peres Peres Not needed_| Not needed. 
slowly, slowly, 
poor wetness. 
outlets, 
wetness. 
Slow refill ~| Floods, Floods, Not needed_| Wetness. 
wetness. wetness, 
Too sandy, | Droughty. 


No water -_| Not needed_ ieonahty 
soi 
blowing. 


piping. 


strength and permeability of compacted soils affect 
the performance of embankments. 

Sanitary landfill is a method of disposing of solid 
waste, either in excavated trenches or on the surface 
of the soil. The waste is spread, compacted in layers, 
and covered with thin layers of soil. Landfill areas are 
subject to heavy vehicular traffic. Ease of excavation, 
risk of polluting ground water, and trafficability affect 
the suitability of a soil for this purpose. The best soils 
have a loamy or silty texture, are moderately or slowly 
permeable, are deep to bedrock and a seasonal water 
table, are free of large stones and boulders, and are 
not subject to flooding. In areas where the seasonal 
water table is high, water seeps into the trenches and 
causes problems in excavating and filling the trenches. 
Also, seepage into refuse increases the risk of pollution 
of ground water. Clayey soils are likely to be sticky 
and difficult to spread. Since sandy or gravelly soils 
are generally rapidly permeable, noxious liquids might 
contaminate local ground water. 

Unless otherwise stated, the ratings in table 5 apply 
only to soil properties and features that are at a depth 
of less than 6 feet. If the trench is deeper, ratings of 


slight or moderate may not be valid. A site should be 
investigated before it is selected. 

In the area type of sanitary landfill, refuse is placed 
on the soil surface in successive layers. The limitations 
of soil texture, depth to bedrock. and stone content do 
not apply to this type of landfill. Soil wetness, how- 
ever, may be a limitation to operating equipment. 

Daily cover for landfill should be soil that is easy to 
excavate and spread over the compacted fill during 
both wet and dry weather. Soils that are loamy or 
silty and free of stones or boulders are more suitable 
for cover than other soils. Clayey soils may be sticky 
and difficult to spread; sandy soils may be subject to 
soil blowing. 

In addition to these features, the soils selected for 
final cover of landfills should be suited to plant growth. 
In comparison with other horizons, the A horizon in 
most soils has the best workability, higher organic 
matter content, and the best potential for plant 
growth. Thus, for either the area- or trench-type land- 
fill, stockpiling material from the A horizon for use 
as the surface layer of the final cover is desirable. 

If it is necessary to bring in soil material for daily 
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or final cover, thickness of suitable soi] material that 
is available and depth to a seasonal high water table 
in soils surrounding the sites should be evaluated. 
Other factors to be evaluated are those that affect rec- 
lamation of the borrow areas, such as slope, erodibil- 
ity, and potential for plant growth. 


Construction materials 


The suitability of each soil as a source of road fill, 
sand, gravel, and topsoil is indicated in table 6 by rat- 
ings of good, fair, or poor. Texture, thickness, and 
organic matter content of each soil horizon are impor- 
tant factors in rating soils for use as construction ma- 
terials. Each soil is evaluated to the depth described 
in the survey, generally about 6 feet. 

Roadfill is soil material used in road embankments. 
The ratings reflect the ease of excavating and working 
the material. They also show the expected performance 
of the soil after it has been compacted and adequately 
drained. The performance of soil after it is stabilized 
with lime or cement is not considered in the ratings, 
but information about soil properties that determine 
such performance is given in the descriptions of soil 
series, 

The ratings apply to the soil profile between the A 
horizon and a depth of 5 to 6 feet. It is assumed that 
soil horizons will be mixed during excavation and 
spreading. Many soils have horizons of contrasting 
suitability within the profile. The estimated engineer- 
ing properties in table 10 provide more specific infor- 
mation about the nature of each horizon that help 
determine its suitability for road fill. 

Soils rated good have low shrink-swell potential, 
low frost action potential, and few cobbles and stones. 
They are at least moderately well drained and have 
slopes of 15 percent or less. Soils rated fair have a 
plasticity index of less than 15 and have other limiting 
features, such as high shrink-swell potential, high 
frost action potential, steep slopes, wetness, or many 
stones. If the thickness of suitable soil is less than 3 
feet, the entire soil is rated poor, regardless of the 
quality of the suitable soil. 

Sand and gravel are used in great quantities in 
many kinds of construction. The ratings in table 6 
provide guidance as to where to look for probable 
sources. They are based on the probability that soils 
in a given area contain sizable quantities of sand and 
gravel. A soil rated good or fair has a layer of suitable 
material at least 3 feet thick, the top of which is 
at a depth of less than 6 feet. Coarse fragments of 
soft bedrock material, such as shale and siltstone, are 
not considered as sand and gravel. Fine grained soils 
are not suitable sources of sand and gravel. 

The ratings do not take into account depth to the 
water table or other factors that affect excavation of 
the material. Descriptions of grain’ size, kinds of 
minerals, reaction, and stratification are given in the 
soil series descriptions and in table 11. 

Topsoil is used in areas where vegetation is to be 
established and maintained. Suitability ratings relate 
mainly to the ease of working and spreading the soil 
when preparing a seedbed, and potential of the soil 
for plant growth. Also considered in the ratings is the 
damage that would result to the area from which the 
topsoil is taken. 


Soils rated good have at least 16 inches of friable 
loamy soil at the surface. They are free of stones, are 
low in content of gravel and other coarse fragments, 
and have gentle slopes. They are low in soluble salts, 
which can limit plant growth. They are naturally 
fertile or respond well to fertilization. They are not 
so wet as to make excavation difficult during most of 
the year. 

Soils rated fair are loose sandy, firm loamy or clayey 
soils in- which the suitable layer is only 8 to 16 inches 
thick. Others have appreciable amounts of gravel, 
stones, or soluble salt. . 

Soils rated poor are very sandy soils, very firm 
clayey soils, soils that have suitable materia] less than 
8 inches thick, soils that have a high content of gravel, 
stones, or soluble salt, steep soils, and poorly drained 
soils. . 

Although a rating of good is not based entirely on 
high organic matter content, a surface horizon is 
much preferred for topsoil because. of its organic 
matter content. This horizon is designed as Al or 
Ap in the soil series descriptions. The absorption and 
retention of moisture and nutrients for plant growth 
are greatly increased by organic matter. Consequently 
careful preservation and use of material from these 
horizons is desirable. 


Water management 


Many soil properties and site features that affect 
water management have been identified in this soil 
survey. In table 7 the soil and site features that affect 
use are indicated for each kind of soil. This informa- 
tion is significant in planning, installing, and main- 
taining water control structures. . 

Pond reservoir areas hold water behind a dam or 
embankment. Soils suitable for this use have low 
seepage potential, which is determined by permeabil- 
ity and by depth to underlying fractured or permeable 
bedrock or other permeable material. _ : 

Embankments, dikes, and levees require soil mate- 
rial that is resistant to seepage, erosion, and piping 
and is of favorable stability, shrink-swell potential, 
shear strength, and compaction characteristics. 
Stones and organic matter in a soil downgrade the 
suitability of a soil for use in embankments, dikes, 
and levees. = 

An aquifer-fed excavated pond is a body of water 
created by excavating a pit or dugout into a ground- 
water aquifer. Excluded are ponds that are fed by 
surface runoff, and embankment ponds that impound 
water 3 feet or more above the original surface. Rat- 
ings in table 7 are for ponds that are properly de- 
signed, located, and constructed. Soil properties and 
site features that affect aquifer-fed ponds are depth to 
a permanent water table, permeability of the aquifer, 
water quality, and ease of excavation. | : 

Drainage of soil is affected by such soil properties 
as permeability, texture, structure, depth to claypan 
or other layers that influence rate of water move- 
ment, depth to the water table, slope, stability of 
ditchbanks, susceptibility to flooding, salinity and 
alkalinity, and availability of drainage outlets. 

Irrigation is affected by such features as slope, 
susceptibility to flooding, hazards of water erosion 
and soil blowing, texture, presence of salts and alkali, 
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depth of root zone, rate of water intake at the sur- 
face, permeability of the soil below the surface layer, 
available water capacity, need for drainage, and depth 
to the water table. 

Terraces and diversions are embankments, or a com- 
bination of channels and ridges, constructed across a 
slope to intercept runoff and to allow water to soak 
into the soil or flow slowly to an outlet. Features that 
affect suitability of a soil for terraces are uniformity 
of slope and steepness, depth to bedrock or other un- 
favorable material, permeability, ease of establishing 
vegetation, and resistance to water erosion, soil blow- 
ing, soil slipping, and piping. 

Grassed waterways are constructed to channel run- 
off to outlets at nonerosive velocities. Features that 
affect the use of soils for waterways are slope, per- 
meability, erodibility, and suitability for permanent 
vegetation. 


Recreation 


The soils in the survey area are rated in table 8 
according to limitations that affect their suitability 
for camp areas, picnic areas, playgrounds, and paths 
and trails. The ratings are based on such restrictive 
soil features as flooding, wetness, slope, and texture 
of the surface layer. Not considered in. these ratings, 
but important in evaluating a site, are location and 
accessibility of the area, size and shape of the area, 
scenic quality of an area, the ability of the soil to 
support vegetation, access to water, potential water 
impoundment sites available, and either access to 
public sewerlines or capacity of the soil to absorb 
septic tank effluent. Soils subject to flooding are 
limited, in varying degrees, for recreational use by 
the duration of flooding and the season when it occurs. 
Onsite assessment of height, duration, and frequency 
of flooding is essential in planning recreational 
facilities. 

In table 8 the limitations of soils are rated as slight, 

moderate, or severe. Slight means that the soil prop- 
erties are generally favorable and that the limita- 
tions are minor and easily overcome. Moderate means 
that the limitations can be overcome or alleviated by 
planning, design, or special maintenance. Severe 
means that soil properties are unfavorable and that 
limitations can be offset only by costly soil reclama- 
tion, special design, intensive maintenance, limited 
use, or by a combination of these measures. 
- The information in table 8 can be supplemented by 
additional information in other parts of this sur- 
vey. Especially helpful are interpretations for septic 
tank absorption fields, given in table 5, and inter- 
pretations for dwellings without basements and for 
local roads and streets, given in table 4. 

Camp areas require preparation that includes shap- 
ing and leveling tent and parking areas, stabilizing 
roads and intensively used areas, and _ installing 
sanitary facilities and utility lines. Camp areas are 
subject to heavy foot traffic and to some vehicular 
traffic. The best soils for this use have mild slopes and 
are neither wet nor subject to flooding during the 
period of use. The surface has few or no stones or 
boulders, absorbs rainfall readily but remains firm, 
and is not dusty when dry. Strong slopes and stones 


or boulders can greatly increase the cost of construc- 
ting camping sites. : 

Picnic areas are subject to heavy foot traffic. Most 
vehicular traffic is confined to access roads and park- 
ing areas. The best soils for use as picnic areas are 
firm when wet, are not dusty when dry, and are not 
subject to flooding during the period of use. They do 
not have slopes or stones or boulders that will in- 
crease the cost of shaping sites or of building access 
roads and parking areas. : 

Playgrounds require soils that can withstand in- 
tensive foot traffic. The best soils are almost level and 
not wet nor subject to flooding during the season of 
use. The surface is free of stones or boulders, is firm 
after rains, and is not dusty when dry. If shaping is 
required to obtain a uniform grade, the depth of the 
soil to the underlying rock should be sufficient to allow 
necessary grading. 

The design and layout of paths and trails for walk- 
ing, horseback riding, and bicycling should require 
little or no cutting and filling. The best soils for this 
use are those that are not wet, are firm after rains, 
are not dusty when dry, and are not subject to flood- 
ing more than once during the period of use. They 
should have moderate slopes and have few or no stones 
or boulders on the surface. 


Wildlife habitat 


Soils directly affect the kind and amount of vegeta- 
tion that is available to wildlife as food and cover, 
and they affect the development of water impound- 
ments, The kind and abundance of wildlife that populate 
an area depend largely on the amount and distribution 
of food, cover, and water. If any one of these elements 
is missing, inadequate, or inaccessible, wildlife will 
either be scarce or will not inhabit the area. 

If the soils have the potential, wildlife habitat can 
be created or improved by planting appropriate 
vegetation, by properly managing the existing plant 
cover, and by fostering the natural establishment of 
desirable plants. 

In table 9 the soils in the survey area are rated 
according to their potential to support the main kinds 
of wildlife habitat in the area. This information can 
be used in— 


1. Planning the use of parks, wildlife refuges, 
nature study areas, and other developments for wild- 
life. 

2. Selecting soils that are suitable for creating, im- 
proving, or maintaining specific elements of wildlife 
habitat. 

8. Determining the intensity of management 
needed for each element of the habitat. 

4, Determining areas that are suitable for acquisi- 
tion to manage for wildlife. 


The potential of the soil is rated good, fair, poor, 
or very poor. A rating of good means that the element 
of wildlife habitat or the kind of habitat is easily 
created, improved, or maintained. Few or no limita- 
tions affect management, and satisfactory results can 
be expected if the soil is used for the designated 
purpose. A rating of fair means that the element of 
wildlife habitat or kind of habitat can be created, im- 
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TABLE 8.—Recreational development 


[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of “slight,” “moderate,” 
and “severe.” Absence of an entry means soil was not rated] 


Map symbol and 


soil name Camp areas 
1D3: 
Fda ges a ee Moderate: slope —_____ 
1E3: 
IGS) a3 oe ee Severe: slope --...-._ 
|F3: 
Ada Sseceb eens ee ee Severe: slope —--_____ 
5B: 
Kennebec part ~---_-__ Severe: floods ________ 
Ackmore part —---_-__ Severe: floods, 
wetness. 
C5B: 
Kennebec part -.-_____ Severe: floods _.-_____ 
Ackmore part —-______ Severe: floods, 
wetness, 
* Okoboji e§eeteeee cad! Severe: wetness _.-.._ 
gC: 
Judson ~---______ Moderate: too clayey _— 
9B, 9B2: . 
Marshall __-___._.____ Moderate: too clayey _ 
9C, 9C2: 
Marshal] ~.-.-.__--___ Moderate: too clayey _ 
9D2, 9D3: : 
Marshall .---.--_-____ Moderate: too clayey, 
slope. 
10D3: 
Monona ~~~ ___- Moderate: slope _--___ 
10E3: 
Monona ~__~---_--_-__ Severe: slope -------_ 
UIB: 
Colo part ~---_-_.____ Severe: floods, 
wetness, 
Ely part ---.-.______ Severe: floods ________ 
24C2: 
Shelby —-_____________ Moderate: percs 
slowly. 
24D2: 
Shelby ----_._________ Moderate: peres 
slowly, slope. 
24E2: 
Shelby -..-_---_____ Severe: slope -....___ 
26B: 
Kennebec ~--_.-______ Severe: floods ---_____ 
27C: 
Terri] ~-----._______. Slight: 222... 


Picnic areas 


Moderate: slope ~_-___ 
Severe: slope —..-___ 
Severe: slope ~---..__ 
Moderate: floods ~---_ 
Moderate: floods, 
wetness, 
Moderate: floods _____ 
Moderate: floods, 
wetness. 
Severe: wetness _____ 
Moderate: too clayey _ 
Moderate: too clayey — 
Moderate: too clayey — 
Moderate: too clayey, 
slope. 
Moderate: slope —-.-_ 
Severe: slope ~.--.___ 
Severe: wetness, 
floods. 
Moderate: wetness, 
too clayey. 
Shehtiessoe2ececcesese 
Moderate: slope ---___ 
Severe: slope ---.-_-_ 
Moderate: floods —-___ 


Playgrounds 


Severe: 


Severe: 


Severe: 


floods 


Moderate: floods, 
percs slowly, wetness. 


Moderate: 


Moderate: floods 


Moderate: floods, 
peres slowly, wetness. 


Severe: wetness __.___ 
Moderate: slope, too 
clayey. 
Moderate: too clayey, 
slope. 
Severe: slope -----.-- 
Severe: slope -----._- 
Severe: slope -------_ 
Severe: slope —-----._ 
Severe: wetness, 
floods. 
Moderate: wetness, 
too clayey, slope. 
Severe: slope ---_____ 
Severe: slope -_____._ 
Severe: slope ~--_____ 
Moderate: floods ~-.._ 
Moderate: slope ------ 
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Paths and trails 


Slight. 

Moderate: slope. 

Severe: slope. 

Moderate: too clayey. 

Moderate: floods, 
wetness. 

Moderate: too clayey. 

Moderate: floods, 
wetness. 

Severe: wetness. 

Moderate: too clayey. 

Moderate: too clayey. 

Moderate: too clayey. 

Moderate: too clayey. 

Slight. 

Moderate: slope. 

Severe: wetness. 

Moderate: wetness, 


too clayey. 


Slight. 

Slight 

Moderate: slope. 
Moderate: too clayey. 
Slight. 
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Map symbol and 
soil name 


33E: 


Steinauer ~-_-------- 


33F: 


Steinauer ~--._-._-- 


55: 
Nicollet --------.._-- 


62C, 62D: 


Storden ~.--------_-- 


62E, 62F: 


Storden ~-----~------. 


62G: 
Storden ~----..------ 


73C: 


Salida): 22 sseeeee es 


73D; 


Salida: «-=s24--s.050 


778, 77B2, 78B, 78B2: 


BAO sacs cece 


DAC noes ns Soe os 
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92: 


Mareus ~--~----~._-- 


108: 
Wadena —~-----_-__--. 


108B; 


Wadena —~--_--_--_-- 


108C2: 


Wadena —____--_--_-_ 


Primghar eee eS 


07: 
Webster ----.------~ 


SOIL SURVEY 


TABLE 8.—-Recreational development—Continued 


Camp areas 


Severe: wetness 


Moderate: percs 
slowly, slope. 


Picnic areas 


Severe: 


Severe: 


Severe: slope Severe: slope Severe: 


Moderate: too sandy, Moderate: 
slope. slope, 


too sandy, Severe: | 


Severe: wetness, Severe: wetness, Severe: 


Moderate: slope 


floods. 


slope Severe: 


Severe: slope slope Severe: 


Severe: slope slope Severe: 


Moderate: too sandy _| Moderate: 


Moderate: slope, too Moderate: 
sandy. sandy. 


Moderate: too clayey. _| Moderate: 


Moderate: too clayey. _| Moderate: 


Moderate: too clayey, | Moderate: 
wetness. 


too sandy ~_| Severe: 


slope, too Severe: 


too clayey -| Moderate: 


slope. 


too clayey —| Severe: 


too clayey -| Moderate: 
wetness. 


Severe: wetness Severe: wetness Severe: 


Severe: wetness Severe: wetness Severe: 


Severe: wetness Severe: wetness Severe: 


Moderate: slope 


Severe: floods, Severe: wetness, Severe: 


wetness. floods. 


floods. 


Severe: wetness, Severe: wetness, Severe: 


floods, too clayey. 


floods, too clayey. 


Playgrounds 


floods, too clayey, 


Paths and trails 


Severe: wetness. 


Slight. 


‘Moderate: slope. 


Moderate: too sandy. 


Severe: wetness. 


Slight. 


Slight. 


Moderate: slope. 


Severe: slope. 


Moderate: too sandy. 


Moderate: too sandy. 


Moderate: too clayey. 


Moderate: too clayey. 


Moderate: wetness, 


too clayey. 


Severe: wetness. 
Severe: wetness. 


Severe: wetness. 


Slight. 
Slight. 
Slight. 


Severe: wetness. 


Severe: wetness, too 
clayey. 


SAC COUNTY, IOWA 


TABLE 8.—Recreational development—Continued 


Map symbol and 


soil name Camp areas 


135, 135B: 
Coland _-.~----_-____ Severe: floods, 


wetness, 


138B: 
Clarion 


138C, 138C2: 
Clarion 


Moderate: 


Moderate: 


2018: 


Coland part ---.______| Severe: floods, 


wetness. 
Spillville part _.._____ Severe: floods ________ 
C201B: 
Coland part ----_-____ Severe: floods, wet- 
ness, peres slowly. 
Spillville part _..______ Severe: floods ________ 
202, 203: 
Cylinder ~---_-.______ Slight’ ~2o.6. 2222.2 
221: 
Palms: wssscsssach-c<2! Severe: wetness, 
floods, excess humus. 
234: 
Nishna —~_---___--___ Severe: floods, too 
clayey, wetness. 
236B: 
Lester ~-.-------_-___ Slight ---.-.----_.____ 
259: 
Biscay ---2---.-.--._ Severe: wetness ..____ 
274: 
Rolfe -.-----.---_____ Severe: wetness, 
floods. 
308: 
Wadena -_____________ Slight ------.---.--___ 
308R: 
Wadena ~.--__________ Sight 22 eS 
310: 
Galva --___--_-__.____] Moderate: too clayey _ 
310B, 310B2: 
Galva. --ssseecece 3 Moderate: too clayey 
310C, 310C2: 
Galva oss. asses Moderate: too clayey — 


Slight 2.5225 22 o5sc52 


Slight :..2255-.-..525... 


slope ______ 


Picnic areas 


Severe: floods, 
wetness. 


Moderate: slope ---.-_ 


Severe: floods, 
wetness, 


Moderate: floods 


Severe: floods, 
wetness. 


Moderate: floods 


Severe: wetness, 
floods, excess humus. 


Severe: wetness, too 
clayey. 
Slight. ..-.-.-..---.-- 
Severe: wetness __--_- 
Severe: wetness, 
floods. 
1 1 ce ee 
Slighticceeosescoee se 
Moderate: too clayey — 
Moderate: too clayey — 
Moderate: too clayey _ 


, Playgrounds 


Severe: floods, 
wetness. 


Moderate: slope ~---~- 


Severe: slope 


Severe: slope 


Moderate: slope -~.---- 


Severe: slope 


Severe: slope 


Severe: floods, 
wetness. 


Moderate: 
slope. 


floods, 


Severe: floods, 
wetness, 


Moderate: 
slope. 


floods, 


Moderate: wetness —-- 


Severe: wetness, 
floods, excess humus. 


Severe: wetness, 
floods, too clayey. 


Moderate: slope --.--- 
Severe: wetness -.---- 
Severe: wetness, 
floods. 
Slight: -.--.----s 5.222 
Moderate: slope ------ 
Moderate: too clayey — 
Moderate: too clayey, 
slope. 
Severe: slope -----___ 
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Paths and trails 


Severe: wetness. 
Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Severe: floods, 
wetness. 
Moderate: floods. 
Severe: floods, 
wetness. 
Moderate: floods. 
Moderate: wetness. 
Severe: wetness, 


floods, excess humus. 


Severe: wetness, too 
clayey. 

Slight. 

Severe: wetness. 

Severe: wetness. 

Slight. 

Slight. 

Moderate: too clayey. 

Moderate: too clayey. 

Moderate: too clayey. 
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SOIL SURVEY 


TABLE 8.—Recreational development—Continued 


Map symbol and ¢ amp areas 


soil name 
7310: 
Galva -------.---..--.- Moderate: too clayey — 
T310B: 
Galva ----.----------- Moderate: too clayey — 
315: 
Alluvial land ~--.----- Severe: floods _------- 
323B: 
Terri) 2i-2--222255-- Slight --22.-225--2-2=. 
325: 
Le Sueur ~-------~--- Moderate: wetness ~~. 
354: 
Matsh) 222 Seco een Severe: wetness _-_--_ 
84: 
Collinwood ~_--_------ Severe: too clayey —-- 
390: 
Waldorf ~-__----~---- Severe: wetness, percs 
slowly, too clayey. 
397B: 
EOtri: ese ecu Severe: wetness _---_- 
428: 
i 3]: emer ee es ee ee eer Moderate: wetness, 
too clayey. 
430, 4308: 
Ackmore —~.-.--~-+---- Severe: floods, 
wetness. 
485, 485B: 
Spillville ----_--_.-_-- Severe: floods ----.-__ 
506: 
Wacousta -...-.---___ Severe: wetness ---_._ 
507; 
Canisteo -------_-__-. Severe: wetness ---_-_ 
5ll: 
Blue Earth ~-----._.__ Severe: wetness, 
floods 
559: 
Taleotan5- seca ese Severe: wetness ---~- 
577C2: 
Byerly 222-2 senece Moderate: too clayey _ 
577D2: 
Everly ---.--_---_-.__ Moderate: too clayey, 
slope. 
606: 
Lanyon sone ee Severe: wetness ___--_ 
733: 
Caled 2osc2ceeszo eS Severe: wetness, 
floods. 
823B: 
Flagler ~---.--_--_--_ BHONG sceacin een enue 
823C2: 
Flagler  -._-___..-_--_ Slight ---------.-.---. 


Picnic areas 


Moderate: too clayey — 


Moderate: too clayey - 


Severe: floods 


Slight... 2s sen. seu 
Slight 2onceosccteco 
Severe: wetness -----. 
Severe: too clayey ---- 
Severe: wetness, too 
clayey. 

Severe: wetness _-__~_ 
Moderate: wetness, 


too clayey. 


Moderate: floods, 
wetness. 
Severe: floods .----___ 
Severe: wetness -___._ 
Severe: wetness -_---_ 
Severe: wetness -.-_-_ 
Severe: wetness -..--_ 
Moderate: too clayey - 
Moderate: too clayey, 
slope. 
Severe: too clayey, 
wetness. 
Severe: wetness, 
floods. 
Slight)222 see ee 
Slight: -2.-2-.---s=.<= 


Playgrounds 


Moderate: too clayey - 
Moderate: too clayey — 
Severe: floods -.-..--- 
Moderate: slope ------ 
Moderate: slope ~----- 
Severe: wetness --.-- 
Severe: wetness, 


too clayey. 


Severe: wetness, 
percs slowly, too 
clayey. 


Severe: wetness 


Moderate: wetness, 
too clayey. 


Moderate: floods, 
percs slowly, wetness. 


Severe: floods -.---___ 
Severe: wetness ----__ 
Severe: wetness ---_-_ 
Severe: wetness, 
floods. 

Severe: wetness -----_ 
Severe: slope ~~ ----_ 
Severe: slope ----__-_ 
Severe: percs slowly, 


wetness, too clayey. 


Severe: 
floods. 


wetness, 


Moderate: slope 


slope 


Severe: 


Paths and trails 


Moderate: too clayey. 


Moderate: too clayey. 
Moderate: floods. 
Slight. 
Slight. 
wetness. 


Severe: 


Severe: too clayey. 


Severe: wetness, too 


clayey. 


Severe: wetness. 


Moderate: wetness, 
too clayey. 


Moderate: 
wetness. 


floods, 


Moderate: floods. 


Severe: wetness. 
Severe: wetness. 


Severe: wetness. 


Severe: wetness, 


Moderate: too clayey. 


Moderate: too clayey. 


Severe: too clayey, 
wetness. 


Severe: wetness. 
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proved, or maintained in most places. Moderate in- 
tensity of management and fairly frequent attention 
are required for satisfactory results. A rating of poor 
means that limitations are severe for the designated 
element or kind of wildlife habitat. Habitat can be 
created, improved, or maintained in most places, but 
management is difficult and requires intensive effort. 
A rating of very poor means that restrictions for the 
element of wildlife habitat or kind of wildlife are very 
severe, and that unsatisfactory results can be ex- 
pected. Wildlife habitat is impractical or even im- 
possible to create, improve, or maintain on soils having 
such a rating. 

The elements of wildlife habitat are briefly described 
in the following paragraphs. 

Grain and seed crops are seed-producing annuals 
used by wildlife. Examples are corn, sorghum, wheat, 
oats, barley, millet, buckwheat, cowpeas, soybeans, and 
sunflowers. The major soil properties that affect the 
growth of grain and seed crops are depth of the root 
zone, texture of the surface layer, available water ca- 
pacity, wetness, slope, surface stoniness, and flood haz- 
ard. Soil temperature and soil moisture are also 
considerations. 

Grasses and legumes are domestic perennial grasses 
and herbaceous legumes that are planted for wildlife 
food and cover. Examples are fescue, bluegrass, love- 
grass, switchgrass, bromegrass, timothy, orchard- 
grass, clover, alfalfa, trefoil, and crownvetch. Major 
soil properties that affect growth of grasses and le- 
gumes are depth of the root zone, texture of the 
surface layer, available water capacity, wetness, sur- 
face stoniness, flood hazard, and slope. Soil tempera- 
ture and soil moisture are also considerations. 

Wild herbaceous plants are native or naturally 
established herbaceous grasses and forbs, including 
weeds, that provide food and cover for wildlife. Ex- 
amples are bluestem, indiangrass, goldenrod, beggar- 
weed, pokeweed, partridgepea, wheatgrass, fescue, and 
grama. Major soil properties that affect the growth 
of these plants are depth of the root zone, texture of 
the surface layer, available water capacity, wetness, 
surface stoniness, and flood hazard. Soil temperature 
and soil moisture are also considerations. 

Hardwood trees and the associated woody under- 
story provide cover for wildlife and produce nuts or 
other fruit, buds, catkins, twigs, bark, or foliage that 
wildlife eat. Examples of native plants are oak, poplar, 
cherry, sweetgum, apple, hawthorn, dogwood, per- 
simmon, sassafras, sumac, hickory, hazelnut, black 
walnut, blackberry, grape, blackhaw, viburnum, blue- 
berry, bayberry, and briers. Examples of fruit- 
producing shrubs that are commercially available and 
suitable for planting on soils rated good are Russian- 
olive, autumn-olive, and crabapple. Major soil proper- 
ties that affect growth of hardwood trees and shrubs 
are depth of the root zone, available water capacity, 
and wetness. 

Coniferous plants are cone-bearing trees, shrubs, or 
ground cover that furnish habitat or that supply food 
in the form of browse, seeds, or fruitlike cones. Ex- 
amples are pine, spruce, hemlock, fir, yew, cedar, and 
juniper. Major soil properties that affect the growth of 
coniferous plants are depth of the root zone, available 
water capacity, and wetness. 
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Wetland plants are annual and perennial wild her- 
baceous plants that grow on moist or wet sites, exclu- 
sive of submerged or floating aquatics. They produce 
food or cover for wildlife that use wetland as habitat. 
Examples of wetland plants are smartweed, wild 
millet, rushes, sedges, reeds, wildrice, saltgrass, cord- 
grass, and cattail. Major soil properties affecting wet- 
Jand plants are texture of the surface layer, wetness, 
reaction, salinity, slope, and surface stoniness. 

Shallow water areas are bodies of surface water 
that have an average depth of less than 5 feet and are 
useful to wildlife. They can be naturally wet areas, or 
they can be created by dams or levees or by water- 
control devices in marshes or streams. Examples are 
muskrat marshes, waterfowl feeding areas, wildlife 
watering developments, beaver ponds, and other wild- 
life ponds. Major soil properties affecting shallow wa- 
ter areas are depth to bedrock, wetness, surface 
stoniness, slopes, and permeability. The availability of 
a dependable water supply is important if water areas 
are to be developed. ; ; 

The kinds of wildlife habitat are briefly described 
in the following paragraphs. ; 

Openland wildlife habitat consists of croplands, pas- 
tures, meadows, and areas that are overgrown with 
grasses, herbs, shrubs, and vines. These areas produce 
grain and seed crops, grasses and legumes, and wild 
herbaceous plants. The kinds of wildlife attracted to 
these areas include bobwhite quail, pheasant, mead- 
owlark, field sparrow, killdeer, cottontail rabbit, red 
fox, and woodchuck. 

Woodland wildlife habitat consists of hardwoods or 
conifers or a mixture of both, with associated grasses, 
legumes, and wild herbaceous plants. Examples of 
wildlife attracted to this habitat are wild turkey, 
ruffed grouse, woodcock, thrushes, vireos, woodpeck- 
ers, tree squirrels, grey fox, raccoon, deer, elk, and 
black bear. 

Wetland wildlife habitat consists of water-tolerant 
plants in open, marshy, or swampy shallow water 
areas. Examples of wildlife attracted to this habitat 
are ducks, geese, herons, shore birds, rails, kingfishers, 
muskrat, mink, and beaver. 


Soil properties 


Extensive data about soil properties collected dur- 
ing the soil survey are summarized on the following 
pages. The two main sources of these data are the 
many soil borings made during the course of the sur- 
vey and the laboratory analyses of samples selected, 
from representative soil profiles in the field. . 

When the soil scientist makes soil borings during 
field mapping, he can identify several important soil 
properties. He notes the seasonal soil moisture condi- 
tion, or the presence of free water and its depth in 
the profile. For each horizon, he notes the thickness of 
the soil and its color; the texture, or the amount 
of clay, silt, sand, and gravel or other coarse frag- 
ments; the structure, or natural pattern of cracks and 
pores in the undisturbed soil; and the consistence of 
soil in-place under the existing soil moisture con- 
ditions. He records the root depth of existing plants, 
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determines soil pH or reaction, and identifies any free 
carbonates. 

Samples of soil material are analyzed in the labora- 
tory to verify the field estimates of soil properties and 
to characterize key soils, especially properties that 
cannot be estimated accurately by field observation. 
Laboratory analyses are not conducted for all soil 
series in the survey area, but laboratory data for many 
of the soil series are available from nearby areas (14). 

Based on summaries of available field and labora- 
tory data, and listed in tables in this section, are 
estimated ranges in engineering properties and classi- 
fications, and in physical and chemical properties for 
some major horizon of each soil in the survey area. 
Also, pertinent soil and water features, engineering 
test data, and data obtained from laboratory analyses, 
both physical and chemical, are presented. 


Engineering properties 


Table 10 gives estimates of engineering properties 
and classifications for the major horizons of each soil 
in the survey area. These estimates are presented as 
ranges in values most likely to exist in areas where 
the soil is mapped. 

Most soils have, within the upper 5 or 6 feet, horizons 
of contrasting properties. Information is presented for 
each of these contrasting horizons. Depth to the upper 
and lower boundaries of each horizon in a typical pro- 
file of each soil is indicated. More information about 
the range in depth and in properties of each horizon is 
given for each soil series in “Descriptions of the Soils.” 

Texture is described in table 10 in standard terms 
used by the United States Department of Agriculture. 
These terms are defined according to percentages of 
sand, silt, and clay in soil material that is less than 2 
millimeters in diameter. “Loam,” for example, is soil 
material that is 7 to 27 percent clay, 28 to 50 percent 
silt, and less than 52 percent sand. If a soil contains 
gravel or other particles coarser than sand, an appro- 
priate modifier is added, for example, “gravelly loam.” 
Other texture terms used by USDA are defined in the 
Glossary. 

The two systems commonly used in classifying soils 
for engineering use are the Unified soil classification 
system (2) and the American Association of State 
Highway and Transportation Officials soil classifica- 
tion system (AASHTO) (7). In table 10, soils in the 
survey area are classified according to both systems. 

The Unified system classifies soils according to prop- 
erties that affect their use as construction material. 
Soils are classified according to grain-size distribution 
of the fraction less than 3 inches in diameter, plas- 
ticity index, liquid limit, and organic matter content. 
Soils are grouped into 15 classes—eight classes of 
coarse-grained soils, identified as GW, GP, GM, GC, 


SW, SP, SM, and SC; six classes of fine-grained soils, — 


identified as ML, CL, OL, MH, CH, and OH; and one 
class of highly organic soils, identified as Pt. Soils on 
the borderline between two classes have a dual classifi- 
cation symbol, for example CL-ML. 

The AASHTO system classifies soils according to 
those properties that affect their use in highway con- 
struction and maintenance. In this system a mineral 
soil is classified as one of seven basic groups ranging 


SOIL SURVEY 


from A-1 through A~7 on the basis of grain-size dis- 
tribution, liquid limit, and plasticity index. Soils in 
group A-1 are coarse grained and low in content of 
fine grains. At the other extreme, in group A-7, are 
fine-grained soils. Highly organic soils are classified-as 
A-8 on the basis of visual inspection. 

If laboratory data are available, the A-1, A-2, and 
A-7 groups are further classified as follows: A—1-a, 
A-1-b, A-2-4, A~-2-5, A-2-6, A-2-7, A-7-5, and 
A-7-6. As an additional refinement, the desirability of 
soils as subgrade material can be indicated by a group 
index number. These numbers range from 0 for the 
best subgrade material to 20 or more for the poorest. 
The estimated classification, without group index 
numbers, is given in table 10. ; 

Also in table 10 the percentage, by weight, of cobbles 
or the rock fragments more than 3 inches in diameter 
are estimated for each major horizon. These estimates 
are determined largely by observing volume percentage 
in the field and then converting it, by formula, to 
weight percentage. . 

Percentage of the soil material less than 3 inches in 
diameter that passes each of four standard sieves is 
estimated for each major horizon. The estimates are 
based on tests of soils that were sampled in the survey 
area and in nearby areas, and on field estimates from 
many borings made during the survey. 

Liquid limit and plasticity index indicate the effect 
of water on the strength and consistency of soil. These 
indexes are used in both the Unified and the AASHTO 
soil classification systems. They are also used as indi- 
cators in making general predictions of soil behavior. 

Range in liquid limit and plasticity index are esti- 
mated on the basis of test data from the survey area or 
from nearby areas and on observations of the many 
soil borings made during the survey. 


Physical and chemical properties 


Table 11 shows estimated values for several soil 
characteristics and features that affect behavior of 
soils in engineering uses. These estimates are given 
for each major horizon, at the depths indicated, in the 
representative profile of each soil. The estimates are 
based on field observations and on test data for these 
and similar soils. 

Permeability is estimated on the basis of known re- 
lationships between the soil characteristics observed in 
the field—particularly soil structure, porosity, and 
gradation or texture—that influence the downward 
movement of water in the soil. The estimates are for 
water movement in a vertical direction when the soil 
is saturated. Not considered in the estimates are 
lateral seepage or such transient soil features as plow- 
pans and surface crusts. Permeability of the soil is an 
important factor to be considered in the planning and 
design of drainage systems, in evaluating the potential 
of soils for septic tank systems and other waste dis- 
posal systems, and in many other aspects of land use 
and management. . 

Available water capacity is rated on the basis of soil 
characteristics that influence the ability of the soil to 
hold water and make it available to plants. Important 
characteristics are organic matter content, soil tex- 
ture, and soil structure. Shallow-rooted plants are not 
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likely to use the available water from the deeper soil 
horizons. Available water capacity is an important 
factor in the choice of plants or crops to be grown and 
in the design of irrigation systems. 

Soil reaction is expressed as range in pH values. The 
range in pH of each major horizon is based on many 
field checks. For many soils, the values have been veri- 
fied by laboratory analyses. Soil reaction is important 
in selecting the crops and ornamental or other plants 
to be grown, in evaluating the corrosivity of soils. 

Shrink-swell potential depends mainly on the 
amount and kind of clay in the soil. Laboratory mea- 
surements of the swelling of undisturbed clods were 
made for many soils. For others it was estimated on 
the basis of the kind of clay and on measurements of 
similar soils. Size of imposed loadings and the magni- 
tude of changes in soil moisture content are also 
important factors that influence the swelling of soils. 
Shrinking and swelling of some soils can cause damage 
to building foundations, basement walls, roads, and 
other structures unless special designs are used. A 
high shrink-swell potential indicates that special de- 
sign and added expense may be required if the planned 
use of the soil will not tolerate large volume changes. 

Risk of corrosion, as used in table 11, pertains to 
potential soil-induced chemical action that dissolves or 
weakens uncoated steel or concrete. The rate of corro- 
sion of uncoated steel is related to soil moisture, 
particle-size distribution, total acidity, and electrical 
conductivity of the soil material. The rating of soils 
for corrosivity to concrete is based mainly on the sul- 
fate content, soil texture, and acidity. Protective 
measures for steel or more resistant concrete help to 
avoid or minimize damage resulting from the corro- 
sion. Installations of steel that intersect soil boundaries 
or soil horizons are more susceptible to corrosion than 
installations entirely within one kind of soil or within 
one soil horizon. 

Erosion factors are used to predict the erodibility of 
a soil and its tolerance to erosion in relation to specific 
kinds of land use and treatment. The soil erodibility 
factor (K) is a measure of the susceptibility of the soil 
to erosion by water. Soils having the highest K values 
are the most erodible, K values range from 0.10 to 0.64. 
To estimate annual soil loss per acre, the K value of a 
soil is modified by factors representing plant cover, 
grade and length of slope, management practices, and 
climate. The soil-loss tolerance factor (T) is the max- 
imum rate of soil erosion, whether from rainfall or soil 
blowing, that can occur without reducing crop produc- 
tion or environmental quality. The rate is expressed in 
tons of soil loss per acre per year. 

Wind erodibility groups are made up of soils that 
have similar properties that affect their resistance to 
soil blowing if cultivated. The groups are used to pre- 
dict the susceptibility of soil to blowing and the 
amount of soil lost as a result of blowing. Soils are 
grouped according to the following distinctions: 


1. Sands, coarse sands, fine sands, and very fine 
sands. These soils are extremely erodible, so vegetation 
is difficult to establish. They are generally not suitable 
for crops. . 

2, Loamy sands, loamy fine sands, and loamy 
very fine sands. These soils are very highly erodible, 
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but crops can be grown if intensive measures to con- 
trol soil blowing are used. 

3. Sandy loams, coarse sandy loams, fine sandy 
loams, and very fine sandy loams. These soils are highly 
erodible, but crops can be grown if intensive measures 
to control soil blowing are used. 

4L. Calcareous loamy soils that are less than 35 
percent clay and more than 5 percent finely divided 
calcium carbonate. These soils are erodible, but crops 
can be grown if intensive measures to control soil blow- 
ing are used, : 

4, Clays, silty clays, clay loams, and silty clay 
loams that are more than 35 percent clay. These soils 
are moderately erodible, but crops can be grown if 
measures to control soil blowing are used. 

5. Loamy soils that are less than 18 percent clay 
and less than 5 percent finely divided calcium carbon- 
ate and sandy clay loams and sandy clays that are 
less than 5 percent finely divided calcium carbonate. 
These soils are slightly erodible, but crops can be 
grown if measures to control soil blowing are used. 

6. Loamy soils that are 18 to 35 percent clay and 
less than’5 percent finely divided calcium carbonate, 
except silty clay loams. These soils are very slightly 
erodible, and crops can easily be grown. 

7. Silty clay loams that are less than 35 percent 
clay and less than 5 percent finely divided calcium 
carbonate. These soils are very slightly erodible, and 
crops can easily be grown. . 

8. Stony or gravelly soils and other soils not sub- 
ject to soil blowing. 


Soil and water features 


Features that relate to runoff or infiltration of wa- 
ter, to flooding, to grading and excavation, and to sub- 
sidence and frost action of each soil are indicated in 
table 12. This information is helpful in planning land 
use and engineering projects that are likely to be af- 
fected by the amount of runoff from watersheds, by 
flooding and a seasonal high water table, by the pres- 
ence of bedrock or a cemented pan in the upper 5 or 6 
feet of the soil, by subsidence, or by frost action. 

Hydrologic soil groups are used to estimate runoff 
from precipitation. Soils not protected by vegetation 
are placed in one of four groups on the basis of the 
intake of water after the soils have been wetted and 
have received precipitation from long-duration storms. 

‘The four hydrologic soil groups are: 


Group A. Soils having a high infiltration rate (low 
runoff potential) when thoroughly wet. These consist 
chiefly of deep, well drained to excessively drained 
sands or gravels. These soils have a high rate of water 
transmission. ; 

Group B. Soils having a moderate infiltration rate 
when thoroughly wet. These consist chiefly of moder- 
ately deep to deep, moderately well drained to well 
drained soils that have moderately fine texture to mod- 
erately coarse texture. These soils have a moderate 
rate of water transmission. 

Group C. Soils having a slow infiltration rate when 
thoroughly wet. These consist chiefly of soils that have 
a layer that impedes the downward movement of wa- 
ter of soils that have moderately fine texture or fine 
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TABLE 10.—Engineering properties 
[The symbol < means less than; > means greater than. 


Map symbol and soil name 


5B: 
Kennebec part --------------~----- 


Ackmore ‘part: s.os2s222s20255-4-5-- 


CSB: 
Kennebec part ~-------------.------ 


Ackmore part ~------.------------- 


&: 
Okoboji. sae oscosscssccees accesso cse 


8c: 
JUCSON. -doescneceedcsnmnececossceee 


9B, 9B2, 9C, 9C2, 9D2, 9D3: 
Marshall 203g ee 


10D3, 10E3: 
Monona? 222222225 set ee ce 


IEB: 
Colo: part. 2-225 eee ee 


Dhelby. acceae5t- 65. oe eed 


26B: 
Kennebee ~------------~---~-------_- 


27C: 
Weyl (2225. cocesececdssoeeecacues 


Classification 


Depth USDA texture 
Unified AASHTO 
In 
0-60 | Silt loam ~-_-----~--------------.~---- ML, CL A-4, A-6 
0-46 | Silty clay loam ~---_.------------------ CL, ML A-6, A-7 
46-60 | Silt loam, silty clay loam ~---..--------- CL, ML A-6, A-7, 
A-4 
0-85 | Silt loam —~.----------------------~------ CL, ML As A-6, 
-T 
85-70 | Silty clay loam, silt loam ~------------- CH, CL, MH A-7, A-6 
0-46 | Silty clay loam ~~.--------------------- CL, ML A-6, A-7 
46-60 | Silt loam, silty clay loam ~--------.----_ CL, ML rer ae 
0295. | Silé: loam: 2c ss2oe-. eo sse Jones CL, ML ah A-6, 
35-70 | Silty clay loam, silt loam —-_------------ CH,CL,MH | A-7, A-6 
0-31 | Silty clay loam ~---------..------------ ' MH, CH A-7 
31-60 | Silty clay loam ~------~--~.------------ CH, MH, CL A-T 
0-25 | Silty clay loam ------------------------ CL A-6, A-7 
95-93 | Silty clay loam, silt loam —-------------- CL A-6, A-7 
0-12 | Silty clay loam A-6, A-7 
12-67 | Silty clay loam A-T 
67-85 | Silt loam -------- cL A~-7, A-6 
0-9 Silt; loam .=--2-<--=-2--2-2= A-6, A~7 
9-85 | Silt loam, silty clay loam A-6, A-7 
35-60 | Silt loam ----------------- A-6, A-7 
0-47 | Silty clay loam ~----------------------- A-7 
MH 
47-62 | Silty clay loam ~----------------------- A-7 
0-26 | Silty elay loam ~----------_------------ A-7, A-6 
MH 
26-52 | Silty clay loam __------__- A-7, A-6 
52-84 | Silt loam, clay loam, loam A-6 
0-14 | Loam ~--------------- A-6 
14-36 | Clay loam A-6, A-7 
36-76 | Clay loam A-6, A-7 
0-46 | Silty clay loam ~---_---------~--------- CL, ML A-6, A-7 
46-72 | Silt loam, silty clay loam ~--.--------~~- CL, ML A-6, A-T, 
A-4 
O28) | LOBW ccs e nese OL, CL A-4, A-6 
81-73 | Loam, clay loam ~------------------~--- CL A-4, A-6 
0-25 | Silty clay loam —.........-1_-.---. 4. MH, CH A-7T 
25-48 | Silty clay loam ~-----__---------.------ CL, CH A-7 


48-60 | Clay loam, silt loam, silty clay loam ~—~- CL A-6, A-7 


and classifications 


Absence of an entry means data were not estimated] 


Fragments 
> 8 inches 


Pet 


ooo 


200 


i — a — a) 


ooo 


Percentage passing sieve number— 


10 


100 
95-100 
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40 


100 


95-100 
95-100 


95-100 
95-100 


95-100 
95-100 


95-100 
95-100 


90-100 
90-100 


200 


Liquid limit 
Pet 
95-100 30-40 
90-100 30-50 
90-100. 30-50 
85-100 25-50 
85-100 35-65 
90-100 30-50 
90-100 30-50 
85-100 25-50 
85-100 35-65 
80-95 50-85 
80~95 45-80 
95-100 30-50 
95-100 30-50 
95-100 35-50 
95-100 45-60 
95-100 35-50 
95-100 35-50 
95-100 35-50 
95-100 30-45 
90-100 40-65 
90-100 40-60 
95-100 30-55 
95-100 35~50 
85-100 25-40 
55-70 30-40 
55~70 35-45 
55-70 35-45 
90-100 30-50 
90-100 30-50 
50-70 25-40 
50-70 25-40 
95-100 50-65 
95-100 40-60 
60-90 35-50 


105 
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TABLE 10.—E'ngineering properties 


Classification 
Map symbol and soil name Depth USDA texture 
Unified AASHTO 
In 
33E, 33F: 
Steinauer - ~--------~--------~----- O65. | Woe oo ee ee ML, CL, A-4, A-6 
5-73 | Clay loam ~_-~------------------------- CL, CH A-6, A-7 
41D: 
Sparta: So-cccceewes2h osc 0-60 | Loamy fine sand ~--.------------_-----__- SM, SP-SM A-2 
S4: 
FOOK. acest usta b SoS 0-20 | Silty clay loam ~--_--------__-------_-_ wa CH, CL, A-7 
20-60 | Silty clay, silty clay loam ~----.---.-~__ CH A-7 
55: 
Nicollet: s2.2220--4--46-2 sec eee OL, ML, CL A-6, A-7, 
A-4 
cL A-6, A-7 
CL, ML A-6, A-4 


62C, 62D, 62E, 62F, 62G: 
Storden -----~----------~---------- Loam - ML, CL A-4, A-6 
CL-ML, CL A-4, A-6 


73C, 73D: 
SallGa. .cccnsacentacsepesncusanen 0-18 | Gravelly loamy sand SP-SM A-1 
18-60 | Sand and -gravel ~--_____----.----_--.~ SP A-1 
77B, 77B2, 77C, 77C2, 78B, 78B2, 78C, 78C2: 
Sae -.__-----------------------~--- 0-14 | Silty clay loam AT 
14-28 | Silty clay loam —-__--____----__--- A-7 
28-76 | Clay loam, loam A-6, A-7 
Fl: 
Primghar® 222s-25-2---<e-s2s55 0-20 | Silty clay loam ~-----..------.--------~ MH, CH A-7? 
20-44 | Silty clay loam .~| CL,CH A-7 
44-64 | Silt loam 2-2-3. oes} cL A-6 
92: 
Mares: 22sese-c5c08oceseeee5 2a eS 0-15 | Silty clay loam ~--------------------_-- A-7 
15~40 | Silty clay loam, silty clay A-7 
40-60 | Silt: loam. <2<22 225-5 ce es CL A-6, A-7 
B7=62 | eam, osteo soot ace eae een A-6 
95: 
Harps) 22ec-eee nee eee ee ec 0201 | Loam so25ucccgsee econ e sees CL, CH A-6, A-7 
21-42 | Loam, clay loam, sandy clay loam —~-_-~--- CL, CH A-6, A-7 
49290) || hoa encase sue chee tec eee eee CL A-6 
107: 
Webster” <2cs2. ci sose cess ks 0-12 | Silty clay loam ~------.--~~----_--_____- re MH, CL, A~7 
12-25 | Clay loam, silty clay loam ~-----_---~~~~| cL A-~6, A-7 
25-76 | Loam, sandy loam, clay loam ~_-~---_-~-- CL, ML A-6, A-7 
108, 108B, 108C2: 
Wadena =2--.--22----2 eee en 0218: |) -oam: 2.2 ses eo ee eee tc CL, CL-ML A-4 
18-27 | Loam, sandy loam ~----_--------------- ae eae A-4, A~6 
27-60 | Sand and gravel -------_--------_--_--- , A-1 
133: 
COlO.etie oe eee cca estes ee ee 0-47 | Silty clay loam ~_------~---------_-_--~ a ML, A-7 
47-62 | Silty clay loam ~.------~------+--~---_-- CL, CH A-T 
134: 
Ook: soseoo-Vacoee cee cooeeoeeccese 0—40: | Silty clay 1 --.<..-----n ese CH A-T 


40-84 | Silty clay, silty clay loam ~-------____-- CH A-7 
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Fragments 
> 3 inches 


Pet 


ooo 


95-100 
95-100 


100 


100 
100 


95-100 
95-100 
95-100 


95-100 
95-100 


100 
95-100 
95-100 

100 
95-100 
95-100 
95-100 
95-100 


80-95 


100 
100 


100 
100 


Percentage passing sieve number— 


10 


100 


100 


40 


200 


85-95 
90-100 


60-70 


95-100 
95-100 


85-98 


80-95 
715-90 


70-85 
70-85 


20-40 
10-30 


95-100 
95-100 
75-90 


95-100 
95-100 
95-100 


Liquid limit 


Pet 


60-85 
60-85 


Plasticity index 


108 SOIL SURVEY 


TABLE 10.—Engineering properties. 


A 


Classification 
Map symbol and soil name Depth USDA texture 
Unified AASHTO 
In 
135, 1358: 
Coland ~-~----=--~-=s=.—-=5-2-5~~<- 0-42 | Clay loam ~-.-~--_~---.-.--------------- OL, cL, CH, A-6, A-7 
M 
42-60 | Loam, sandy loam, sandy clay loam -~----- CL, SC A-4, A-6 
1388, 138C, 138C2, 138D2: 
Clarion ~~-----------------~-------- CL, CL-ML A-4, A-6 


CL, CL-ML A-4, A-6 
CL, CL-ML A-4, A-6 


1748, 174C2, 174D2: 


Bola 22 es ei eee 0-11 | Loam CL, ML A-4, A-6 
A-4, A-6 
A-4 
201B: : 
Coland part: =:.—...--+-.-=+---+-=<- 0-42) Clay loam. 2-2-2-~--.42 ooo eace OL, cL, CH, A-6, A-7 
42-60 | Loam, sandy loam, sandy clay loam ~_---- CL, SC A-~4, A-6 
Spillville part ~.----------.-------- 0-47 | Loam =.2+--s--2ees2 osu eee -| CL A-6 
47-66 | Sandy clay loam, leam, sandy clay ~.-----| CL, SC A-6, A-4 
C2018: : 
Coland part --------.-----.-------- 0-42 | Clay loam ~-----..--------------------- OL, ch, CH, A-6, A-7 
42-60 | Loam, sandy loam, sandy clay loam —-_-- CL, SC A-4, A-6 
Spillville part ---.-----.----------- 0247. || LOkM) sees ee sS eee eet CL A-6 
47-66 | Sandy clay loam, loam, sandy clay loam --| CL, SC A-6, A-4 
202, 203: 
Cylinder sc2cceweceecssyeces acess Qai4: || Loam 2s 5 eka ee oan coece sess CL A-6, A-7 
14-34 | Loam, clay loam, sandy clay loam ~------ CL, ML A-4, A-6, 
A-7 
34-60 | Gravelly coarse sand, loamy sand -.-----.. SP-SM, SM A-1, A-2 
221: : 
Pals) Goosen oases asecseteey 0-24 | Sapric material --------...------------- Pe 
24-60 | Clay loam, loam, silt loam -~-.-------~-- CL-ML, CL A-4, A-6 
234: 
Wishina: <i c2seceecesee se ee 0-48 | Silty clay loam ~~---------------------- CH, MH A-7 
48-60 | Silty clay, silty clay loam ~---------~_-- CH A-7 
236B: 
Lester --------__----~~--------~--- 0204 |) Shodan 22222 a Sn ee See CL, ML a8, A-4, 
14-48. | Clay loam: ..2220 oe oe ee CL A-7, A-6 
48-72 | Loam, clay loam ~.-----_-------------- | CL, CL-ML A-6, A-4 
259: 
Biscay: o-2---s-seseeeeenee ene esse= 0-12: | Clay loam: .-.-----. .=.--- ses ces CL, ML A-7, A-6 
12-28 | Loam, clay loam ~------------_-------- CL, ML A-6, A-7 
98-84 | Stratified coarse sand to grave] _.__-____ SP A-1 
274: 
Rolfé ...---2+---s-sesen connec ee 0-17 |) Loam 222-3. ee eh ees OL, CL, ML A-6, A-4 
17-47 | Clay, silty clay, clay loam ~-----.------- CH, MH A-7 


47-65 | Clay loam, loam ~---~--.--------------- CL A-7, A-6 
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Percentage passing sieve number— 


a aia Liquid limit Plasticity index 
4 10 40 200 
Pot Pet 

0 100 100 95-100 70-90 45-55 20-30 
0 100 95-100 60-70 40-60 20-40 8-15 
0-5 95-100 95-100 75-90 50-75 25-40 5-15 
0-5 90-100 85-100 75-90 50-75 25-40 5-15 
0-5 90-100 85-100 75-90 50-75 20-35 5-15 
0 100 100 85-95 50-70 30-40 5-15 
0 100 100 80-90 40-655 25-85 5-15 

0 100 100 80-90 35-50 15-25 2-8 
0 100 100 95-100 70-90 45-55 20-30 
0 100 95-100 60-70 40-60 20-40 8-15 
0 100 95-100 85-95 60-80 25-40 10-20 
0 100 95-100 80-90 50-75 25-40 8-15 
0 100 100 95-100 70-90 45-55 20-80 
0 100 95-100 60-70 40-60 20-40 8-15 
0 100 95-100 85-95 60-80 25-40 10-20 
0 100 95-100 80-90 50-75 25-40 8-15 
0~5 100 90-100 80-100 50-75 80-50 11-25 
0-10 95-100 80-100 80-95 60-75 80-50 7-20 
10-50 75-95 75-95 20-40 6-25 |W... --- NP 
ag aol! 80-100 |" 70-95 | 50-80 | <s0/; 5-15 
0 100 100 95~100 90-100 55-65 25-35 
0 100 100 95~100 90-100 60-70 30-40 
0 95-100 90-100 80-95 50-70 80-45 5-15 
95-100 90-100 80-95 55-75 85-45 15-25 
0 95-100 90-100 75-90 50-70 20-40 5-20 
0 95-100 95-100 70-90 50-75 85-50 10-25 
0 95-100 90-100 70-90 50-75 80-45 10-25 
0-5 65-90 60-80 20-45 Dap Nee NP 
0 100 95-100 90-100 80-95 80-40 5-15 
0 100 95-100 90-100 75-95 50-70 15-35 
0 95-100 90-100 80-90 55-75 30-50 10-25 
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TABLE 10.—E/ngineering properties 


Classification 
Map symbol and soil name Depth USDA texture 
Unified AASHTO 
In 
308, 308B: 
Wadena o.-22..-.22-2--5-32-sesees 0-18) | Loanl, 26<2e- cess ect eee CL, CL-ML A-4 
18-35 | Loam, sandy loam ~_----------_-~------_ SC, CL-ML, A-4, A-6 
CL, SM-S 
35-60 } Sand and gravel ____------------------- Sp A-1 
310, 310B, 310B2, 310C, 310C2: 
Galva. 2256S sence Seceeasaae 0-16 | Silty clay loam ~-..-------------------- ML, CL A-7 
16-40 | Silty clay loam ~-----_____.-----_------ CL A-7 
40-60 | Silt loam, silty clay loam —~-__----------_ CL A-6, A-7 
T310, T310B: 
Galva. wsnceeteowesou sees ueee seus 0-11 | Silty clay loam A-7 
11-86 | Silty clay loam A-7 
36-50 | Silt loam —--------------------_.~--.-- CL | A-6, A-7 
50-60 | Sand and gravel __----.---------------- SP-SM, SM A-1, A-2 
315: 
Alluvial land ~------~-------~-------- 0=60°| Varlablé .-ssac-2< acco scene ee ewe| poeewce epee be eesesces 
323B; 
Merril s226545s.csso4e aco 0-31 CL A-4, A-6 
81-45 | Loam, clay loam __- CL A-4, A~6 
45-60 | Sand, gravelly sand ~.--------.---~.---- SP-SM, SM A-2-4 
325: 
Le Sueur __.---------------..------ 0=14:||, Loam) .sss oss e se ee eee eceacee CL A-6 
14-44 | Clay loam CL, CH A-6, A-7 
44-60 | Loam ~~----_ A-6, A-4 
354: 
Marsh. 2225-4 5--42+2-----e555- 0260°| Variable <iusssccces ose ces ooo ee Se ee 
384: . 
Collinwood ~--~------------.-------- 0-28 } Silty clay loam ~--.---------..---------- we oe CL, A-7 
23-89 | Silty elay, clay ~----_-------_--. -| MH, CH A-7 
89-60 | Silty clay, clay, silty clay loam -.---- -| MH, CH A-7 
390: 
Waldorf wo-ssecsnsce sos saaeeee 0-24 | Silty clay loam ~-------_ ML, MH A-7 
24-47 | Silty clay, silty clay loam MH A-7 
47-64 | Silty clay loam, silty clay a a CL, A-7, A-6 
397B: 
Thettt see 0-14 | Silty clay loam —_------__- OL, CL A-7 
14-34 | Clay loam, silty clay loam — CL A-7 
34-65 | Loam, clay loam ~---------------.... CL, ML A-6, A-7 
428: : 
Wy 2ceeeeeesn a eee 0-26 | Silty clay loam ~---__--._-------~~.-..- ot ts CH, A-7, A-6 
26-52 | Silty clay loam ----..------------------ CL A-7, A-6 
52-84 | Silt loam, clay loam, loam ~------_------ cL A-6 
430, 430B: 
Ackmore ~~~----~--~...-------------- 0-85 | Silt loam _-.---__----____--~.-------~-- CL, ML eT aa 
35-70 | Silty clay loam, silt loam ~-.------------ CH,CL,MH | A-7, A-6 
485, 4858: 
Spillville: 2.-22s2.-2255---52o--2<23 0-47 | 08M Woes eee see eee cL A-6 
47-66 | Sandy clay loam, loam, sandy clay ----~- CL, SC A-6, A-4 
$06: 
Wacousta —_---------_------------- 0-15 | Silty clay loam ~---~...---------------- CH, CL A-7 
15-60 | Silty clay loam —~----------------------- CH, CL A-7 


and classifications—Continued 


Percentage passing sieve number— 


Fragments 
> 8 inches 
4 10 
Pet 
0 95-100 85-100 
0 95-100 85-100 
0 80-95 70-95 
0 100 100 
0 100 100 
0 100 100 
0 100 100 
0 100 100 
0 100 100 
10-56 75-95 70-90 
0-5 100 95-100 
0-5 100 90-100 
0-25 90-100 75-90 
0 95-100 95-100 
0 95-100 95-100 
0 95-100 90-100 
0 100 100 
0 100 100 
0 100 100 
0 100 100 
0 100 100 
0 100 100 
0 95-100 95-100 
0-5 95-100 90-100 
0-5 95-100 90-100 
0 100 100 
0 100 100 
0 100 100 
100 100 
100 100 
0 100 95-100 
0 100 95-100 
0 100 100 
0 100 100 


SAC COUNTY, IOWA 


40 
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Liquid limit Plasticity index 
200 
Pet 

50-60 25-40 5-15 
40-55 25-40 5-15 

Bab fetes el eeeecen NP 
90-100 40-50 15-25 
90-100 40-50 15-25 
90-100 85-50 15-25 
90-100 40-50 15-25 
90-100 40-50 15-25 
90-100 35-50 15-25 

9265) feat ees NP 
60-80 25-40 8-15 
60-80 25-40 8-15 
10-85. || eee NP 
70-85 25-40 10-20 
60-80 35-60 12-35 
60-75 20-40 5-20 
90-95 45-60 20-30 
90-95 50-60 20-30 
90-95 45-60 15-30 
90-100 44-55 14-25 
95-100 50-70 20-30 
95-100 35-55 11-25 
80-95 40-50 15-25 
75-85 40-50 15-25 
65-75 30-50 7-25 
95-100 80-55 10-25 
95-100 35-50 11~25 
85~100 25-40 10-20 
85-100 25-50 8-20 
85-100 85-65 15-30 
60-80 25-40 10-20 
50-75 25-40 8-15 
95-100 40-65 20-40 
90-100 40-60 20-40 
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TABLE 10.—Engineering properties 
Classification 
Map symbol and soil name Depth USDA texture 
Unified AASHTO 
In 
507: 
Canisted: 3225 coast escsaos 0-16 | Silty clay loam ~---------.------.------ OL, CL, CH A-7 
16-31 | Clay loam, loam ~-----------------.---- CL A-7, A-6 
81-70 | Clay loam, loam ~~------~---------~-..~ CL A-6 
Sil: 
Blue Earth ~---.---..---_-----..--_- 0-40 | Silty elay loam ~------------.------_-_- OL A-5 
40-60 | Clay loam, loam, silty clay loam ~-----~-- CL, ML A-6, A-7 
559: 
Taledt. so----os-<anssesceseceeessse 0-18 |) (Clay loam cde ee cL A-7 
18-87 | Clay loam, silty clay loam, loam ~_-._._- cL A-T 
87-60 | Sand and gravel ~--_~-~- eee ee SP A-1 
577C2, 577D2: 
Dverly’ 22222 nlooee eho ees 0-6 | Clay loam -.-.- CL A-6, A-7 
6-17 | Clay loam ~_._-_ CL A-6, A-7 
17-60 | Loam, clay loam cL A-6, A-7 
606: 
Lanyon 22--- ease see eso 0-15 | Silty clay loam —~~---_---.--_---------- CH A-7 
15-56 | Silty clay, silty clay loam ~---_---_____- CH A-7 
56-66 | Clay loam —~----_---_----____--_-_---_--- CL, CH A-6, A-7 
733: i 
CBNCO) ald a 0-36 | Silty clay loam ~--------------___------ Mie MH, CH, A-7 
36-63 | Silty clay loam ~--.---_-_-------------- CH, CL A-7 
823B, 823C2: 
Mlagler 222343... o een) hee eee 0-18 | Sandy loani .--2-=-.- 3-2 ee SM, SC, SM-SC | A-2, A-4 
13-28 | Sandy loam, loamy sand ~-_-----~_~_____- SM. SC, SM-SC | A~2, A-4 
28-63 | Gravelly loamy sand, gravelly sand; sand__ ee SM, Soo 


2 NP means nonplastie. 


texture. These soils have a slow rate of water trans- 
mission. 

Group D. Soils having a very slow infiltration rate 
(high runoff potential) when thoroughly. wet. These 
consist chiefly of clay soils that have a high shrink- 
swell potential, soils that have a permanent high water 
table, soils that have a claypan or clay layer at or near 
the surface, and soils that are shallow over nearly im- 
pervious material. These soils have a very slow rate of 
water transmission. 

Flooding is rated in general terms that describe the 
frequency, duration, and period of the year when flood- 
ing is most likely. The ratings are based on evidences 
in the soil profile of the effects of flooding, namely thin 
strata of gravel, sand, silt, or, in places, clay deposited 
by floodwater; irregular decrease in organic matter 
content with increasing depth; absence of distinctive 
soil horizons that form in soils of the area that are not 
subject to flooding; local information about floodwater 
heights and the extent of flooding; and local knowl- 
edge that relates the unique landscape position of each 
soil to historic floods. 

The generalized description of flood hazards is of 
value in land use planning and provides a valid basis 


for land use restrictions. The soil data are less specific, 
however, than those provided by detailed engineering 
surveys that delineate flood-prone areas at specific 
flood frequency levels. 

A high water table is the highest level of a saturated 
zone that is more than 6 inches thick in soils for a 
continuous period of more than 2 weeks during most 
years. The depth to a high water table applies to un- 
drained soils. Estimates are based mainly on the re- 
lationships between grayish colors or mottles in the 
soil and the depth to free water observed during the 
course of the soil survey. Indicated are the depth to 
the high water table; the kind of water table, whether 
perched, artesian, or the upper part of the ground wa- 
ter table;'and the months of the year that the high 
water commonly is present. Only those saturated zones 
above a depth of 5 or 6 feet are indicated. 

Information about the high water table helps in as- 
sessing the need for specially designed foundation, the 
need for specific kinds of drainage systems, and the 
need for footing drains to insure dry basements. Such 
information is also needed to decide whether or not to 
construct basements, and to determine how septic 
tank absorption fields and other underground installa- 
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Percentage passing sieve number— 


Fragments 


SS B inches Liquid limit Plasticity index 
4 10 40 200 
Pet Pet 

0 98-100 95-100 85-98 60-90 40-55 15-25 
0 98-100 90-100 85-95 65-85 88-50 25-35 
0 95~100 90-98 80-95 60-75 80-40 12-20 

0 95-100 95-100 85-95 80-95 41-50 2-8 
0 95-100 90-100 80-100 70-80 85-50 11-20 
0 100 100 80-90 60-85 40-50 15-25 
0 95-100 90-100 70-90 60-85 40-50 15-25 
0 65-90 60-85 20-50 yal; eam merase eee omar NP 
100 95-100 85-95 65-80 80-45 11-20 
0 95-100" 95-100 85-95 70-90 80-50 15-25 
90-100 85-95 75-85 60-80 80-50 15-25 
100 100 95-100 90-100 55~70 80-40 
0 100 95-100 85-100 80-95 60-75 30-40 
95-100 90-100 75-85 60-80 85-65 20-40 
0 100 100 95-100 85-100 41-60 15-80 
0 100 100 90-100 80-100 40-55 15-30 
0 95-100 90-100 70-90 25-50 15-30 2-10 
0 95-100 85-100 65-85 20-45 15-30 2-10 
0-5 80-95 75-95 35-60 2-15 <25 NP-8 


tions will function. Also, a high water table affects 
ease of excavation. 

Potential frost action refers to likelihood of damage 
to pavements and other structures by frost heaving 
and low soil strength after thawing. Frost action is 
defined as freezing temperatures in the soil and move- 
ment of soil moisture into the freezing zone, which 
causes the formation of ice lenses. Soil texture, tem- 
perature, moisture content, porosity, permeability, and 
organic matter content are the most important soil 


properties that affect frost action. It is assumed that . 


the soil is not covered by insulating vegetation or snow 
and is not artificially drained. Silty and clayey soils 
that have a high water table in winter are most sus- 
ceptible to frost action. Well drained very gravelly or 
sandy soils are the least susceptible. 


Formation and classification of soils 


This section discusses the factors of soil formation 
as they relate to the soils of Sac County, describes the 
processes that result in the formation, and places each 
soil series represented in the county in its respective 


family, subgroup, and order in the current system for 
classifying soils. Detailed descriptions of the repre- 
sentative profiles of the soil series are given in the 
section “Descriptions of the soils.” 


Factors of soil formation 


Soil is produced by the action of soil-forming pro- 
cesses on material deposited or accumulated by geo- 
logic agencies. The characteristics of the soil at any 
given point are determined by (1) the physical and 
mineralogical composition of the parent material, (2) 
the climate under which the soil material has accu- 
mulated and existed since accumulation, (3) the plant 
and animal life on and in the soil, (4) the relief, or lay 
of the land, and (5) the length of time the forces of 
soil development have acted on the soil material. 

Climate and vegetation are active factors of soil 
genesis. They act on the parent material that has ac- 
cumulated through the weathering of rocks and slowly 
change it to a natural body that has genetically related 
horizons. The effects of climate and vegetation are con- 
ditioned by relief. The parent material also affects the 
kind of profile that can be formed and, in extreme 
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TABLE 12.—Soil and water features 


[Absence of an entry indicates the feature is not a concern. See Glossary, under the definition of “flooding” and “water table,” 
for descriptions of such terms as “rare,” “brief,” and “perched.” The symbol < means less than; > means greater than] 


Flooding High water table . 
Map symbol and i roe 
soil name : 
group Frequency Duration Months Depth Kind Months action 
Ft 
103, 1€3, 1F3: 
A ee ee ee B None. 2223552) soc 2 tt ee 60: eee a High 
5B: 
Kennebec part —~--_ B Common ----| Brief —.__--_ Feb-Nov 2.0-5.0 | Apparent Nov-Jun High. 
Ackmore part -.---| B Common ----| Very brief ._| Feb-Nov 1.0-3.0 | Apparent Nov-Jun High. 
CSB: 
Kennebec part —-.--| B Common ----| Brief ~-_---_ Feb-Nov 2.0-5.0 | Apparent Nov-Jun High. 
Ackmore part ----- B Common ----| Very brief ~_-| Feb-Nov 1.0-3.0 | Apparent | Nov-Jun High. 
6: 
Okoboji ----------_ B/D Common ---_| Brief ~__..__ Mar-Jun 0-3.0 | Apparent Nov-Jun High. 
Bc: 
Judson ~----------_ B None: 20os65o oe 3600: hoe So ese [Geese High. 
9B, 9B2, 9C, 9C2, 
9D2,9D3: 
Marshall ~_---_____ B NON) 2s 35 eo Coes |ua eee saues 36.0: |[psecesine os eee testcase High. 
10D3, 10E3: 
Monona —---------- B NOMNG: 222338) | ee 56.0 ecto cece ee High. 
11B: 
Colo part -----.--- B/D Common ~-..| Brief — __---_ Feb-Nov 1.0-3.0 | Apparent Nov-Jun High. 
Ely part ---------- B INONGs 222 oe See Le Se 8.0-5.0 | Apparent Nov-Jun High. 
24C2, 24D2, 24E2: 
Shelby ~---------.. B WONG cee oe cieeccenne teresa $56.0) (eet eS Moderate. 
26B: 
Kennebee —-_.----~ B Common —---| Brief __.-___ Feb-Nov 2.0-5.0 | Apparent Nov-Jun High. 
27C: 
Tervil..sccsosucssss B None: 2222 ssc) 22 ede 356.0) esate ates eee Stas Moderate. 
3I: 
Afton -.-.....-.--] C/D Common ----|] Very brief ~_| Feb-Nov 1.0-8.0 | Apparent Nov-Jun High. 
33E, 33F: 
Steinauer .---.--__ B Non vetoes ee ee 6:0 |2ssckcesecee| eesececoee. Moderate. 
41D: 
Sparta. <2-2-.-5-.- A Notie? 222aso} edocs ese eso 56.0) attecises edie cue nee Low. 
54: 
ZOOK: 23 oo) c/D Common -..-| Brief ~-_---- Feb-Nov 1.0-3.0 | Apparent Nov-Jun High. 
55: 
Nicollet ----------_ B None} sine 62 |e os a 8.0-5.0 | Apparent Nov-Jun High. 
62C, 62D, 62E, 62F, 626: 
Storden ~-.-._--___ B NOn6) o2weees lon a a ee 56:0! a2 Os ee Moderate. 
73C, 73D: 
Salida ~----_----__ A INONG: eee a Sao | $620) ew cooacones |p acs oS Low. 
77B, 77B2, 77C, 77C2, 
78B, 78B2, 78C, 78C2: 
NaC. cee wee es B None? 2s-Se-<|o2 oso G20) eee es A High. 
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TABLE 12.—Soil and water features—Continued 


Flooding High water table A 
Map symbol and logic aie eta 
soil name nb ti 
Broup | Frequency Duration Months action 
91: 
Primghar --.------ B | None --~-~~--|---------~-~~-~~-|-----~------ Apparent | Nov-Jun High. 
92: 
Marcus ----------- B/D: | ‘None: 2222--|-- 2-1 s2 35 -aseee 1,0-3.0 | Apparent Nov-Jun High. 
95: 
Harps —---------~- B/D | None —~---~-|-----~-----~----|------------ 1,0-3.0 | Apparent | Nov-Jun High. 
107: 
Webster -------~-~- B/D | None ~--~---|-----~-~-------|------------ 1,0-3.0 | Apparent Nov-Jun High. 
108, 108B, 108C2: 
Wadena ---~---~--~ B | None .._--~~|--------~------|------------ 36:0 |sesecesecen|eecece ee Moderate. 
133: ' 
Colo? 222-0220 se5 B/D | Common --__| Brief ~------ Feb-Nov 1.0-8.0 | Apparent | Nov-Jun High. 
134: 
ZOO: sees oo Cc/D Common ---- lef ooo sae Feb-Nov 1.0-3.0 | Apparent Nov-Jun High. 
135, 135B: ; 
Coland =--2.--=---. B/D Common ----|] Brief ----.-- Feb-Nov 1.0-8.0 | Apparent | Nov-Jun High. 
138B, 138C, 138C2, 138D2: 
Clarion ~~~ _-_.._ B 4 None cscccweewensene mses Louse S60 loco denetesuslecensennanes Moderate. 
174B, 174C2, 174D2: 
Bolan —_-_____--.- RB | ONGC nse eee eee acence S60 \axeneseaoeee es ees Moderate. 
2018: 
Coland part ~-----. B/D Common ---~ ief ------ Feb-Nov 1,0-3.0 | Apparent Nov-Jun High, 
Spillville part ~---- B Common ----| Very brief -_} Feb-Nov 8.0-5.0 | Apparent Nov-Jun Moderate. 
C2018: 
Coland part -~---..- B/D Common ----_| Brief --.---_| Feb-Nov 1.0-3.0 | Apparent Nov-Jun High. 
Spillville part ----. B Common -__-| Very brief --| Feb-Nov 8.0-5.0 | Apparent Nov-Jun Moderate. 
202, 203: 
Cylinder ~--------- B | None ~---~--|_-------..--~-|------------ 3.0-5.0 | Apparent | Nov-Jun High, 
22\: 
Palms ..-.-------- A/D Frequent -__| Long ------_ Mar-Jun 0-1.0 | Apparent Nov-Jun High. 
234: 
Nishna ~-..--.----- c/D Common ~~~ ief -._--__ Feb-Nov 1.0-3.0 | Apparent Nov-Jun Moderate. 
236B: 
Lester ~----------- B | [None 2-2 --3- |e een nl see eee 6.0 Ieee Moderate. 
259: 
Biscay’ 222222 se B/D | None -_-----|--------------|------------ 1.0-3.0 | Apparent Nov-Jun High. 
274: . 
Rolfe. 2---s-~ sense C  —'| Common -.--| Brief ------- Mar-Jun 0-3.0 | Apparent | Nov-Jun High. 
308, 308B: 
Wadena —-------~- B- >) Notie:.c.2cs22|2ot a 60 oe atc Moderate. 
310, 310B, 310B2, 310C, 
310C2, T310, T310B: 
Galva __-_-_------ B 4 Nore -scsseboscuencs cosh asanee S+6:0' |senseeeee es |socohoe sess High. 
315: : 
Alluvial land —~.---- B Frequent .--| Brief ~--..-- Feb-Nov 0-4.0 | Apparent Nov-Jun High, 
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TABLE 12.—Soil and water features—Continued 


Flooding High water table i 
Map symbol and Papas 
soil name . detion 
Duration Months . Depth 
323B: 
Terri] -------_---- Moderate. 
325: 
Le Sueur —_---_-__- Apparent Nov-Jun High. 
354: 
Marsh ~_--------__|________ Apparent Jan-Dec High. 
Collinwood .______- Apparent Nov-Jun Moderate. 
0: 
Waldorf __._._____ Apparent Nov-Jun High. 
397B: 
Letri: +2 22---2-- 2. Apparent Nov-Jun High. 
428: 
Aly epee eee 3.0-5.0 | Apparent Nov-Jun High. 
430, 430B: 
Ackmore ________ Common -_---} Very brief -_| Feb-Nov 1.0-3.0 | Apparent Nov-Jun High. 
485, 485B: 
Spillville ~-.---____ Common _---| Very brief ._| Feb-Nov 8.0-5.0 | Apparent Nov-Jun Moderate. 
506: 
Wacousta _________ Frequent -_-} Very brief to | Mar-Jun 0-3.0 | Apparent Nov-Jun High. 
very long. 
507: 
Canisteo ~--------- 1.0-3.0 | Apparent Nov-Jun High. 
in| 
Blue Earth ~_._____ Mar-Jun 0-1.0 | Apparent Nov-Jun High. 
59: . 
Taleot ~-----__--__ 0-38.0 | Apparent Nov-Jun High. 
577C2, 577D2: 
Everly ~-.------.-- >6.0 Moderate. 
606: 
Lanyon —~ .--.._.__ Frequent -~-| Very briefto | Mar-Jun Apparent Nov-Jun High. 
very long. 
733: 
Caled: 222222 ene Common __-_ Mar-Jun Apparent Nov-Jun High. 
823B, 823C2: 
Flagler ~-----_---_ Low. 


cases, determines it almost entirely. Finally, time is 
needed for the changing of the parent material into a 
soil profile. Time is always required for horizon dif- 
ferentiation. A long time generally is required for the 
development of distinct horizons. 

The factors of soil genesis are so closely interrelated 
in their effects on the soil that few generalizations can 
be made regarding the effect of any one unless condi- 
tions are specified for the other four. Many of the 
processes of soil development are unknown. 


Parent material 


The soils of Sac County formed in several kinds of 
parent material. Among these are loess, glacial till and 
sediment from glacial till, alluvium, lacustrine sedi- 
ment, deposits of organic. material, and eolian sand. 
Bedrock is exposed only in a few outcrops near Grant 
City. No-soil series that formed in bedrock was 
mapped. The different parent materials are discussed 
briefly in the paragraphs that follow. Soil-parent ma- 
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terial relationships for some major soils are described 
in the section “General Soil Map.” 
Glacial drift includes all material deposited by 


glaciers. Much material has been sorted by water and_ 


is referred to as glacial outwash or glacial sediment. 
The heterogenous, unsorted deposits are called glacial 
till. 

Glacial till is the parent material for many of the 
soils in the eastern part of the county and for a few in 
the western part. Sac County has been subjected to 
three stages of glaciation. The first two, the Nebraskan 
and Kansan, covered all of the county. The Tazewell 
substage of the Wisconsin glacier advanced from the 
northeast to near the southwest corner of the county, 
and the Cary substage of the Wisconsin glacier covered 
approximately the eastern half of the county (6, 8). 
All ie stages left deposits of glacial debris many feet 
thick. 

The glacial deposit in the western part of the county 
has been covered by wind-deposited silt (loess), and 
it is exposed only where the loess has been eroded 
away. The glacial material in eastern Sac County was 
deposited after the period of loess deposition and is 
exposed at the surface. Radiocarbon dating estimated 
the period of deposition of loess to be 14,000 to 30,000 
years ago, of the Tazewell drift to be about 20,000 years 
ago, af of the Cary drift to be 13,000 to 14,000 years 
ago (6). 

Soils that formed in glacial till include the Clarion 
and Lester soils in the Cary till; Storden soils, which 
are mapped in the Cary and Tazewell areas; and 
Shelby and Steinauer soils, which are assumed to be 
in Kansan till. ; 

The Nebraskan drift was buried by the Kansan 
drift. It is possible that some areas of the Nebraskan 
drift are exposed along lower slopes and that some 
Steinauer and Shelby soils formed in Nebraskan till 
rather than in Kansan till. The Nebraskan and Kan- 
san drifts are often grouped with the Illinoian glacier 
as pre-Wisconsin drift. The Illinoian glacier did not 
advance as far as Sac County. 

Other soils at lower elevations on the Cary till plain 
formed in till, in sediment washed from nearby areas 
of till, or in both. These include Nicollet, Webster, Can- 


isteo, and Harps soils. Soils in depressions such as. 


Okoboji, Rolfe, and Wacousta soils, generally developed 
entirely in sediment from adjacent slopes (15, 16). 

Loess, or wind-deposited silt, ranges from as thick as 
15 to 20 feet on summits in the southwestern part of 
the county to 4 feet or less near the border of the Cary 
drift. No loess is in the eastern part of the county on 
the surface of the Cary drift. The major soils that 
formed in loess are in the Marshall, Monona, Galva, 
and Ida series. Primghar, Marcus, and Afton soils also 
developed in loess or mainly in loess. Some areas of 
these soils are in drainageways and receive alluvial 
sediment from upslope. In those places the upper part 
of the profile may have formed in this sediment, which 
is very similar to the loess in composition. Sac and 
Everly soils formed in a thin layer of loess and in the 
underlying glacial till, which is Tazewell or Kansan in 
age. Two phases of Sac soils are mapped. The loam 
substratum phase is in friable Tazewell till, and the 
clay loam substratum phase is in firm Kansan till. 

The loess was calcareous silt loam or light clay loam 
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when it was deposited. In the Ida soils there has been 
only a small alteration of the parent material, mainly 
the addition of organic matter in the surface layer and 
the segregation of some of the lime into concretions or 
soft accumulations. The other soils that formed in loess 
have been leached of carbonates in the upper part of 
the profile. Also, some of the silt-sized particles have 
weathered to clay size. 

Alluvium consists of sediment deposited by water. 
Alluvium derived mostly from glacial till has a higher 
sand content than that derived from loess. Some allu- 
vium that came from loess has a sand content of 5 per- 
cent or less. The Coland; Terril, and Spillville soils, 
which are high in sand, are associated with soils in 
the Cary drift area. Alluvial soils with a lower content 
of sand that are mainly in the loess mantled part of 
the county include Ackmore, Calco, Colo, Ely, Judson, 
Kennebec, Nishna, and Zook soils. 

Some of these soils formed in alluvium that has been 
washed from adjacent slopes and has been moved only 
a short distance. This is local alluvium, or colluvium. 
Terril, Ely, and Judson soils and some areas of Ack- 
more, Kennebec, and Spillville soils are among those 
that formed in this kind of parent material. Most areas 
are on foot slopes at the base of areas of moderately 
sloping to moderately steep soils. 

On many stream benches, moderately coarse tex- 
tured to moderately fine textured alluvium is underlain 
by sand and gravel that is presumed to have washed 
from the Wisconsin drift as it retreated. Biscay, Cylin- 
der, Flagler, Salida, Talcot, and Wadena soils formed 
in this kind of parent material. A few areas of these 
soils also are on uplands in the Cary. drift area. In 
places, localized sorting of glacial material by water 
has resulted in finer textured alluvium overlying sand 
and gravel. 

Lacustrine deposits make up a small part of the Cary 
drift area. These are in places where ponds or lakes 
were formed by the temporary blocking of the flow of 
water by glacial ice or debris. The sediment deposited 
in the pond or on lake bottoms is generally finer tex- 
tured than till. Collinwood, Lanyon, and Waldorf soils 
formed in lacustrine parent material. 

Organic deposits occur in a few depressions on the 
Cary drift. Palms muck is the major soil that formed 
in this parent material, but other soils such as Blue 
Earth and Okoboji soils have high organic matter con- 
tent in the upper part of their profile. 

Eolian sand is a minor parent material. It is inter- 
mingled with loess in the western part of the county. 
Bolan and Sparta soils formed in this material. 


Climate 


The soils in Sac County, according to recent evidence 
(15), formed under variable climatic conditions. Dur- 
ing the post-Cary glaciation period, from 18,000 to 
10,500 years ago, the climate was cool and conifers 
were the dominant vegetation. Between 8,000 and 
10,400 years ago, there was a warming trend and the 
vegetation changed from conifers to a mixed hardwood 
forest. About 8,000 years ago, the climate became 
warmer and drier and herbaceous prairie vegetation 
became dominant. Studies of the forest-prairie tran- 
sition area of central Iowa (4) indicate that a late 
change in postglacial climate from relatively dry prai- 
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rie to more moist conditions has taken place. This 
change may have started about 3,000 years ago. The 
present climate is midcontinental subhumid. 

A nearly uniform climate prevails throughout the 
county. The influence of the general climate is modi- 
fied by local conditions in or near the developing soil. 
For example, areas on south-facing slopes have a 
microclimate that is warmer and less humid than the 
climate of nearby areas. Areas on north- and east- 
facing slopes tend to be cooler and more moist than 
those on south-facing slopes, and in a climate like that 
in Sac County, natural stands of trees are more likely 
to grow well. The hot, dry areas on south-facing slopes 
tend to have sparse vegetation, which allows more 
natural erosion to occur than on north-facing slopes. 
Ida soils, which are very young in terms of soil develop- 
ment, are typically in areas on south-facing slopes. 
Low-lying or depressional, poorly drained or very 
poorly drained soils are wetter and cooler than those 
in most surrounding areas. 


Plant and animal life 


Many kinds of living organisms are important in 
the formation of soils. The activities of burrowing ani- 
mals, worms, crayfish, and micro-organisms, for 
example, are reflected in soil properties. However, dif- 
ferences in the kind of vegetation commonly cause the 
most marked differences in soils (5). The dominant 
kinds of plant life have changed with time. The soils 
in Sae County have been influenced in recent times 
mainly by prairie vegetation. The Lester and Le Sueur 
soils near the Raccoon River also show the influence of 
a mixture of trees and grasses. 

Because grasses have many roots and tops that have 
decayed in or on the soil, soils that formed under prai- 
rie vegetation typically have a thicker, darker colored 
surface layer than soils that formed under trees or un- 
der both trees and grass. Under trees, the organic 
matter, derived principally from leaves, was deposited 
mainly on-the surface of the soil. Soils that have been 
influenced by trees generally are more acid and have 
had more- downward movement of bases and clay in 
their profiles. 

Poorly drained or very poorly drained soils, such as 
Marcus, Afton, Webster, Canisteo, and Okoboji soils, 


formed under a native vegetation of water-tolerant. 


grasses and sedges. 
Relief 


Relief refers to the lay of the land. Relief is an im- 
portant factor in soil formation because of its effect on 
drainage, runoff, the height of the water table, and 
erosion. It is the main reason for the differing prop- 
erties of some soils in the county. The influence of relief 
can be seen in a number of ways in Sac County, where 
slopes range from nearly level to very steep. 

The thickness and color of the A horizon and the 
thickness of the solum are related to slope. Slope has 
an effect on erosion and on the amount of water that 
runs off and percolates through the soil. For example, 
the thickness and color of the A horizon of Storden, 
Clarion, and Nicollet soils, which formed in similar 
parent material, is related to their topography. Thick- 
ness of the A horizon increases and the color darkens 
as slope decreases. Most areas of Storden soils are 
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strongly sloping. to steep; Clarion soils are mainly 
gently sloping or moderately sloping; and Nicollet 
soils are mostly nearly level. Likewise, the thickness 
of the solum increases and depth to carbonates de- 
creases from the Storden to the thicker Clarion and 
Nicollet soils. In soils that have a wide range of slopes, 
such as the gently sloping to strongly sloping Marshall 
soils, the depth to carbonates and the thickness of the 
solum decrease as the percentage of slope increases and 
as the slopes become more convex. 

Time 

The passage of time enables the factors of relief, 
climate, and plant and animal life to bring about 
changes in parent material. If these factors continue 
to operate for long periods of time, very similar kinds 
of soil are formed from widely different kinds of par- 
ent material. Soil formation, however, is generally in- 
terrupted by geologic events that expose new material. 
In Sac County, new parent material has been added to 
the uplands at least four times (11). The bedrock was 
covered by glacial drift from two. glaciers; then loess 
was deposited. During the period of loess deposition, 
the Tazewell substage of the Wisconsin glacier ad- 
vanced and covered most of the county. The last inere- 
ments of loess were deposited on that surface. The last 
glacial substage covered the eastern part of Sac 
County. This drift is exposed at the surface. Older 
parent material has. been exposed by geologic erosion, 
especially along the Raccoon River valley and other 
deeply cut valleys. Steinauer and Shelby soils formed 
in older drift that is presumed to have been covered by 
loess and then reexposed by erosion. 

The radiocarbon technique for determining the age 
of carbonaceous material in loess and till has been use- 
ful in dating late Pleistocene events. Radiocarbon dat- 
ing of material from the base of the Cary glacial drift 
in the southern part of the Des Moines Lobe indicates 
that the drift was deposited about 14,000 years ago 
(6) ; thus, all soils that formed in the Cary drift are 
not more than 14,000 years old. In much of Iowa, in- 
cluding parts of Sac County, geologic erosion has 
beveled and, in places, removed material from side 
slopes and deposited new sediment downslope (7). The 
surfaces of nearly level areas on upland divides are 
older than slopes that bevel and ascend to the divides. 
The side slopes in the Cary drift area, therefore, are 
less than 14,000 years old. In Sac County, the Clarion, 
crorlen and Lester soils are among those soils on side 
slopes. 

Some sediment washed from side slopes has accumu- 
lated to form local alluvium. The age of the side slopes 
was determined by dating the alluvium at the base of 
these slopes. Some of the alluvium is less than 3,000 
years old (15). Because sediment from the side slopes 
accumulated to form the alluvium, the surfaces of the 
side slopes in these areas are not more than 3,000 
years old. In Sac County, the Terril, Spillville, and 
Coland soils are among the soils that formed in this 
kind of alluvium. 


Processes of soil horizon differentiation 


Horizon differentiation is considered to be the result 
of additions, removals, transfers, and transformations 
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in the soil (9). Each of these four kinds of change 
affects many substances that make up soils..For ex- 
ample, there may be additions, removals, transfers, or 
transformations of organic matter, soluble salts, car- 
bonates, sesquioxides, or silicate clay minerals, all of 
which generally promote horizon differentiation. Some 
processes offset or retard differentiation. The combina- 
tion of processes and the resulting changes take place 
simultaneously in soils. The ultimate nature of the pro- 
file is governed by the balance of these changes within 
the profile. The addition of organic matter, the removal 
of substances from parts of the soil profile, and the 
translocation of clay have been important in the hori- 
zon differentiation of the soils of Sac County. 

The addition of organic matter is an early step in 
the process of horizon differentiation in most soils. 
The amount of organic matter that has accumulated in 
the Al horizon of the soils in Sac County ranges from 
high to very low. Ida and Storden soils, for example, 
have a thin Al horizon and have low organic matter 
content. Webster and Colo soils have a thick Al hori- 
zon and have high organic matter content. Some soils 
that had high organic matter content now have low 
content because of erosion. 

The downward movement of calcium carbonates and 
bases in soils is an example of the removal of sub- 
stances from parts of the soil profile. Most soils in the 
county have been leached free of calcium carbonates 
in the upper parts of their profile. A few have been so 
strongly leached that they are medium acid or strongly 
acid in some horizons. 

Several kinds of transfer of substances from one 
horizon to another are evident in the soils of Sac 
County. For example, phosphorus is removed from the 
subsoil by plant roots and transferred to those parts of 
the plant growing above the surface. It is then added 
to the surface layer in the plant residue. This process 
affects the forms and distribution of phosphorus in the 
profile. ; ; 

The translocation of clay takes place when it is car- 
ried downward, suspended in percolating water, from 
the A horizon to the B horizon, where it accumulates 
in pores and root channels and in clay films on ped 
faces. The clay is made up mainly of silicate clay 


minerals in this area. This process occurs in Lester and . 


Le Sueur soils. In other soils, the clay content in the A 
and B horizons is not markedly different and only a 
minimal movement of clay is indicated. 

Another kind of transfer that is minimal in most 
soils, but which occurs to some extent in very clayey 
soils, is that brought about by shrinking and swelling. 
This causes cracks that allow some material from the 
surface layer to be incorporated into lower parts of the 
profile. The Waldorf series is one of the few in Sac 


County that has soils with the potential for this kind’ 


of physical transfer. 

Transformations are physical and chemical. The 
weathering of soil particles to smaller sizes is an ex- 
ample of a physical transformation. The reduction of 
iron by a process called gleying, which involves the 
saturation of the soil with water for long periods in 
the presence of organic matter is an example of a 
chemical transformation. This process is characterized 
by the presence of ferrous iron and gray colors. Re- 
ductive, extractable iron, or free iron, is commonly less 
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abundant in poorly drained soils, such as the Webster 
soils, than in such soils as the Nicollet and Clarion 
soils (14). ; 

Another kind of transformation is the weathering 
of the primary apatite mineral in parent material to 
secondary phosphorus compounds. Studies indicate 
that the pH value of the soil must decline to,about 7 
before appreciable weathering takes place. Storden 
and Clarion soils are examples of soils that illustrate 
this type of transformation. Storden soils, which 
are calcareous, are very low in available phosphorus 
in the subsoil. Clarion soils, which are leached and are 
about, neutral, have more available phosphorus, al- 
though it is also very low. 


Classification 


The system of soil classification currently used was 
adopted by the National Cooperative Soil Survey in 
1965. Readers interested in further details about the 
eee aoa refer to the latest literature available 

_The system of classification has six categories. Be- 
ginning with the broadest, these categories are order, 
suborder, great group, subgroup, family, and series. In 
this system the bases for classification are the differ- 
ent soil properties that are observable or measurable. 
The properties selected for the higher categories are 
the result of soil genesis or of factors that affect soil 
genesis. In table 13 the soils of the survey area are 
classified according to the system. Classes of the sys- 
tem are briefly discussed in the following paragraphs. 

ORDER. Ten orders are recognized. The properties 
used to differentiate among orders are those that re- 
flect the kind and degree of dominant soil-forming 
processes that have taken place. Each order is identi- 
fied by a word ending in sol, An example is Entisol. 

SUBORDER. Each order is divided into suborders 
based primarily on properties that influence soil gene- 
sis and that are important to plant growth or that were 
selected to reflect the most important variables within 
the orders. The last syllable in the name of a suborder 
indicates the order. An example is Aquent (Aqu, 
meaning water, plus ent, from Entisol). 

GREAT GROUP. Each suborder is divided into great 
groups on the basis of close similarities in kind, ar- 
rangement, and degree of expression of pedogenic 
horizons; soil moisture and temperature regimes; and 
base status. The name of a great group ends with the 
name of a suborder. A prefix added to the name sug- 
gests something about the soil properties. An example 
is Haplaquents (Hapl, meaning simple horizons, plus 
aquent, the suborder of Entisols that have an aquic 
moisture regime). e 

SUBGROUP. Each great group is divided into three 
subgroups: the central (typic) concept of the great 
groups, which is not necessarily the most extensive 
subgroup; the intergrades, or transitional forms to 
other orders, suborders, or great groups; and the 
extragrades that have some properties that are repre- 
sentative of the great groups but do not indicate 
transitions to any other known kind of soil. The names 
of subgroups are derived by placing one or more ad- 
jectives before the name of the great group. The adjec- 
tive Typie is used for the subgroup that is thought to 
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TABLE 13.—Classification of the soils 


[An asterisk in the first column indicates a taxadjunct to the 
series. See text for a description of those characteristics of 
this taxadjunct that are outside the range of the series] 


Soil name Family or higher taxonomic class 
*Ackmore ~--~--~ Fine-silty, mixed, nonacid, mesic Aerie 
: Fluvaquents 
Afton ~---~---- genes mixed, mesic Cumulic Hapla- 
quolls 

Alluvial land ~._| Loamy, mixed, nonacid, mesic Udifluvents 

*Biscay ~-----~-- Fine-loamy over sandy or sandy-skeletal, 

mixed, mesic Typic Haplaquolls 

Blue Earth —.._] Fine-silty, mixed (calcareous), mesic Mollie 
Fluvaquents . 

Bolan ~.-----.-- Coarse-loamy, mixed, mesic Typic Hapludolls 

Caleo ~------.-~ Fine-silty, mixed (caleareous), mesic 
Cumulie Haplaquolls 

Canisteo ~-----_ Fine-loamy, mixed (calcareous), mesic 
Typic Haplaquolls 

*Clarion ~---.-.. Fine-loamy, mixed, mesic Typic Hapludolls 

Coland ~------- Fine-loamy, mixed, mesic Cumulic 
Haplaquolls 

*Collinwood ~--~- Fine, montmorillonitic, mesic Aquic 

Hapludolls 

Ce Fine-silty, mixed, mesic Cumulic 
Haplaquolls 

Cylinder _____-- Fine-loamy over sandy or sandy-skeletal, 
mixed, mesic Aquic Hapludolls 

Elysees ta Fine-silty, mixed, mesic Cumulic Hapludolls 

Everly ----_--_- Fine-loamy, mixed, mesic Typic Hapludolls 

Flagler ~~~ Coarse-loamy, mixed, mesic Typic 
Hapludolls 

Galva ______--- Fine-silty, mixed, mesic Typic Hapludolls 

Harps —~-_-_---- Fine-loamy, mesic Typic Calciaquolls 

Ida ~-_----__--_ Fine-silty, mixed (caleareous), mesic Typic 
Udorthents 

*Judson —..-.---_ Fine-silty, mixed, mesie Cumulic Hapludolls 

*Kennebec __---- Fine-silty, mixed, mesic Cumulic Hapludolls 
Lanyon ~--.---. Fine, montmorillonitic, mesic Typie 

Haplaquolls 
*Le Sueur —----- Fine-loamy, mixed, mesic Aquic Argiudolls 
Lester ~.-.---~. Fine-loamy, mixed, mesic Mollic, Hapludalfs 
*Letri 2coscscee Fine-loamy, mixed, mesic Typic Haplaquolls 
Marcus ~-----.. Fine-silty, mixed, mesic Typic Haplaquolls 
Marsh —~-------- Aquolls 
Marshall ~..-.-_ Fine-silty, mixed, mesic Typic Hapludolls 
*Monona —_----.- Fine-silty, mixed, mesic Typie Hapludolis 
Nicollet -.-----. Fine-loamy, mixed, mesic Aquie Hapludolls 
Nishna ~------~ Fine, montmorillonitic (calcareous), mesic 
Cumulic Haplaquolls 

Okoboji ~------- Fine, montmorillonitic, mesic Cumulic 
Haplaquolls 

Palms -..-----— Loamy, mixed, euic, mesic Terric 
Medisaprists 

Primghar ——---- Fine-silty, mixed, mesic Aquic Hapludolls 

Rolfe _-_------- Fine, montmorillonitic, mesic Typic 
Argialbolls 

Sae _____-----_- Fine-silty, mixed, mesic Typic Hapludolls 

Salida ~-------- Sandy-skeletal, mixed, mesic Entic 
Hapludolls , 
*Shelby --------_ Fine-loamy, mixed, mesic Typic Argiudolls 
Sparta —_--_--- Sandy, mixed, mesic Entice Hapludolls 
Spillville _--____ Fine-loamy, mixed, mesic Cumulic 
Hapludolls 

Steinauer —----- Fine-loamy, mixed (calcareous), mesic 
Typic Udorthents 

Storden ----.-- Fine-loamy, mixed (calcareous), mesic 
Typie Udorthents 

Taleot.cnscse 2 Fine-loamy over sandy or sandy-skeletal, 
mixed (calcareous), mesie Typic 
Haplaquolls 

Terri] ~----_--- Fine-loamy, mixed, mesic Cumulic 
Hapludolls 

Wacousta ~--_-_ Fine-silty, mixed, mesic Typic Haplaquolls 
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TABLE 13.— Classification of the soils—Continued 


Soil name Family or higher taxonomic class 
Wadena ____--_| Fine-loamy over sandy or sandy-skeletal, 
mixed, mesie Typic Hapludolls 
Waldorf ------_ Fine, montmorillonitic, mesic Typic 
Haplaquolls 
Webster —~--...- Fine-loamy, mixed, mesic Typic Haplaquolls 
ook ~~~... Fine, montmorillonitic, mesie Cumulie 


Haplaquolls 


typify the great group. In example is Typic Hapla- 
quents. 

FAMILY. Families are established within a sub- 
group on the basis of similar physical and chemical 


‘properties that affect management. Among the proper- 


ties considered in horizons of major biological activity 
below plow depth are particle-size distribution, min- 
eral content, temperature regime, thickness of the soil 
penetrable by roots, consistence, moisture equivalent, 
soil slope, and permanent cracks. A family name con- 
sists of the name of a subgroup and a series of adjec- 
tives. The adjectives are the class names for the soil 
properties used as family differentiae. An example is 
fine-loamy, mixed, nonacid, mesic, Typic Haplaquents. 

SERIES. The series consists of a group of soils that 
are formed from a particular kind of parent material. 
They have horizons that, except for texture of the sur- 
face soil, are similar in differentiating characteristics 
and in arrangement in the soil profile. Among these 
characteristics are color, texture, structure, reaction, 
caeence and mineralogical and chemical composi- 
ion. 


General nature of the county 


This section is mainly for those not familiar with 
the county. It discusses the early history; climate; 
topography and drainage; transportation, industries, 
and markets; and farming of the county. 

The first settlement in Sac County was in 1854 in 
Big Grove, which was on the Raccoon River in the 
southeastern part of the county. The town of Sac City 
was laid out in 1855, and the county was organized in 
1856. Farming has been and still is the primary in- 
dustry. Population has ranged from 15,000 to 20,000 in 
the past 50 years. Sac City, the county seat and largest 
town, had a population of 3,268 in 1970. 


Climate’ 


Climatic data for Sac County were recorded at Sac 
City. Data on temperature and precipitation are given 
in table 14. The average annual precipitation at Sac 
City is 28.6 inches; it ranges from just under 28 inches 
in the western part of the county to almost 29 inches 
in the southeast corner. The wettest month is June, 
and the next wettest month is May. Precipitation 


averages less than 1 inch per month from November 


* This section was prepared by Rosert H. SHAw, climatologist, 
Towa State University. 
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TABLE 14.—Temperature and precipitation 
[Data for Sac City, Sac County, Iowa] 


Temperature 


Precipitation 


on 1 year in 10 Number _ Average 

onth Average Average oe alec Average will have— a me depth of 
Se aden aun sai WG total Less More pea deve with 

than— than— or more | SOW cover 

oF oF In In In In 

January ----------- 28 9 0.7 0.2 1.8 20 6 
February ------~--- 83 13 . 15 6 
March ~----------~-| 44° 24 11 q 
April ~--------..---- 61 37 0 2 
May oos---252--4---) 73 49 0 0 
June ----.---------- 82 59 0 0 
Bt 88 64. 0 0 
August ~--------~-- 86 62 0 0 
September on Seed 18 53 0 0 
October __-__------- 66 mT 0 0 
November ~~--.----- 46 26 3 4 
December --------~- 33 16 10 5 
Veal 2s<20--0--- 60 38 59 6 


through February. Precipitation extremes for each 
month (1 year in 10) are given in table 14. During 
the 1951-60 period, Sac City averaged 18 days per 
year with 0.5 inch or more of rainfall and 49 days 
with 0.10 inch or more of rainfall. 

Most of the heavy showers occur during the warm 
half of the year. About 65 percent of the annual pre- 
cipitation occurs as showers during the warm season 
of April through September. Individual showers may 
very widely in intensity over the county. An inch or 
more of rain falls in a 1-week period about 4 years out 
of 10 in June and a little more than 2 years out of 10 in 
July and August. Well-developed crops use over an inch 
of water a week during the summer. 

Temperature data for Sac City are representative of 
those for the rest of Sac County, particularly maximum 
temperatures. An average of 37 days per year have a 
maximum temperature equal to or greater than 90° F. 
This is too warm for optimum crop production because 
water demand is excessive on those days. Minimum 
temperatures tend to vary more. Low areas, relative to 
the immediate surrounding area, have a lower mini- 
mum temperature on clear, calm nights than urban or 
upland areas. 

Frost, or freezing temperature, data for Sac City 
are given in table 15. The average date of the last 32° 
temperature in spring is May 2, and the average date 


of the first 32° temperature in fall is October 7. The 
average frost-free period is 158 days. ; 

Soil ‘moisture reserves are an important part of the 
moisture supply for crops. A 5-inch reserve early in 
spring is considered to be a critically low level. This 
area has about a 25 percent chance that less than 5 
inches of water will be available to plants in the top 5 
feet of soil on April 14. The average amount of water 
available at this time of year is 7.0 inches. There is 
less than a 25 percent chance that more than 9 inches 
will be present. 


Topography and drainage 


The soils in the eastern part of the county are dom- 
inantly nearly level to undulating. In the western part, 
except in the southwest corner, they are dominantly 
undulating. In the southwest corner of the county, they 
are mainly gently rolling to hilly. The prevailing slope 
is to the south and east. Elevation ranges from about 
1,000 feet at the low point in the southeastern part of 
the county to about 1,400 feet near the northwest 
corner. 

The North Raccoon River and its tributaries drain 
the eastern part of the county. This river originates in 
Buena Vista County about 25 miles north of the Sac 
County. line and enters Sac County at the northern 


SAC COUNTY, IOWA 


127 


TABLE 15.—Probabilities of last freezing temperatures in spring and first in fall 


[Data are from Sac City, Sae County, Iowa] 


Dates for given probability and temperature 


Probability 
16° F. 20° F. 24° F, 28° F, 82° F, 
or lower or lower or lower or lower or lower 
Spring: 
1 year in 10 later than __________ Apr. 5 Apr. 14 Apr. 23 May 4 May .17 
2 years in 10 later than ________ Mar. 380 Apr. 8 Apr. 18 Apr. 29 May 12 
i years in 10 later than ________ Mar. 20 Mar. 28 Apr. 7 Apr. 19 May 2 
‘all: 
1 year in 10 earlier than ~.._.__ Oct, 27 Oct. 19 Oct. 18 Oct. 8 Sept. 22 
2 years in 10 earlier than --..__ Nov. 1 Oct. 24 Oct. 19 Oct. 18 Sept. 27 
5 years in 10 earlier than -..__-/ Nov. 12 Nov. 4 Oct. 30 Oct. 24 Oct. 7 


———— rx\js“<$0909 9 eee 


border in the eastern half of the county. It flows south- 
east and leaves the county to the east, about 6 miles 
north of the southern border. The eastern part of the 
county has a poorly integrated drainage system, and 
drainage ‘ditches have been dug to connect with or to 
improve natural drainageways. 

The Boyer River and its tributaries drain the west- 
central part of Sac County. It originates near Storm 
Lake in Buena Vista County about 5 miles from the 
Sac County border. It enters from the north near the 
center of the county, flows to the south, and leaves 
the county about 6 miles east of the western border. The 


west-central part of the county has a well integrated . 


drainage system. Some artificial drainage systems 
have been installed, mainly to drain wet soils in drain- 
ageways. Tiling is used, and the outlets are normally 
natural streams. 

Part of the western edge of the county is drained by 
tributaries of the Maple River. The tributaries flow 
west into that river, which is about 4 to 8 miles west 
of the county. This part of the county also has a well 
integrated natural drainage system and an artificial 
drainage system that consists mainly of tile in wet 
drainageways. 

The boundary between the watersheds of the North 
Raccoon and the Boyer Rivers marks the divide between 
the Missouri River drainage system and the Mississippi 
River drainage system. It is thought that the Boyer 
River was part of the Mississippi River system before 
its channel was diverted by glacial action. A marshy 
area, known locally as the Old Goose Pond, is pre- 
sumed to have been part of the Boyer River flood plain. 


Transportation, industries, and markets 


Two Federal highways intersect in Sac County—U.S. 
20, an east-west highway, and U.S. 71, a north-south 
highway. Iowa Highway 175 crosses the southern part 
of the county. Three other State highways connect 
towns in the county with main highways. Approxi- 
mately 135 miles of county roads are surfaced with 
asphalt or concrete. Most others are graveled. Less 
than 1 percent of the county roads are unimproved. 
Three railroad companies, three truck companies, and 
two buslines operate in the county. Small aircraft ser- 


a is available at the towns of Sac City and Wall 
Lake. 

Industry in the county is mainly concerned with 
farm service and processing farm products. The pro- 
cessing of popcorn is. an important industry. Sac 
County is one of the largest producers of popcorn in 
the world. Out-of-county markets for farm produce in- 
clude Sioux City, Storm Lake, Spencer, Denison, and 
Ft. Dodge, all of which are in Iowa, and Omaha, 
Chicago, and Minneapolis. 


Farming * 


Farming is the main enterprise in Sac County. The 
farming is diversified and includes crop production and 
livestock raising. About 98 percent of the county, or. 
363,836 acres, is in farms. The average size of the 
farms is 276 acres. In 1970, 39.3 percent of the area 
was farmed by the owners; the rest’ was operated by 
tenants. The trend for a number of years has been for 
the farm population and the number of farms to de- 
crease and for the size of the farms to increase. 

Corn is the most extensive crop. Most corn is fed to 
livestock, and the rest is sold. Other crops include soy- 
beans, hay, oats, popcorn, sorghum, and wheat. Hay 
and oats are grown mostly in rotation with corn and 
soybeans. Hay crops are mainly mixtures of alfalfa 
and grasses. The permanent pastures are generally un- 
improved, and the vegetation is mainly Kentucky 
bluegrass. Renovated pastures consist mostly of grass- 
legume mixtures. Bromegrass or orchardgrass and 
alfalfa or red clover are commonly used in the mix- 
tures. 

In recent years, the acreage in corn has decreased 
slightly and the acreage in oats and hay has also de- 
creased. The acreage in soybeans has greatly increased. 
The yields of crops have been steadily increasing be- 
cause of the use of more fertilizer and lime, more 
productive facilities, better erosion control, and im- 
proved management. The acreage of crops in Sae 


*Data given in this section are from the 1970 Statistical 
Profile of Iowa, compiled by the Iowa Development Commission, 
and the Iowa Annual Farm Census of 1972, published in the 
U.S. Department of Agriculture Statistical Reporting Service 
Bulletin. 
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County in 1972 was as follows: corn, 154,005; soybeans 
69,923 ; all hay, 16,255; oats, 14,038; popcorn, 2,476; 
sorghum, 130; wheat, 22; and all pasture, 40,052. 

The feeding of beef cattle and hogs is the most 
important livestock enterprise. Many beef cattle are 
bought out of State and trucked into the county for 
feeding. Hogs are mostly farrowed and fed on the same 
farm, but some feeder pigs are brought in. The beef 
cattle and hogs are marketed at packing plants in the 
Midwest. 

The number of beef cattle and hogs fed in the county 
is increasing. Dairy cows and heifers on hand are de- 
creasing, but beef cows and heifers on hand are in- 
creasing. The production of chickens has decreased. 
Turkey production has been variable, but the general 
trend is to increased numbers. 

The numbers of the principal kinds of livestock 
raised and sold or on hand in 1972 were as follows: 
grain-fed cattle marketed, 108,276; grain-fed sheep 
and lambs marketed, 4,677; sows farrowed, 13,735; 
hogs marketed, 237,450; milk cows, 2,592; beef cows, 
15,521; hens and pullets of-laying age, 74,959; commer- 
cial broilers produced, 6,490; and turkeys raised, 
10,285. 
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Glossary 


Alluvium. Material, such as sand, silt, or clay, deposited on 
land ty streams. ; 
Alluvium, local. Soil material that has been moved a short 
distance and deposited at the base of slopes and along small 
drainageways. It includes the poorly sorted material near 
the base of slopes that has been moved by gravity, frost 

action, soil creep, and local wash. ° 

Area reclaim. An area difficult to reclaim after the removal of 
soil for construction and other uses. Revegetation and 
erosion control are extremely difficult. 

Available water capacity (available moisture capacity). The 
capacity of soils to hold water available for use by most 
plants. It is commonly defined as the difference between 
the amount of soil water_at field moisture capacity and the 
amount at wilting point. It is commonly expressed as inches 
of water per inch of soil. The capacity, in inches, in a 
60-inch profile or to a limiting layer is expressed as— 


High 
Bench. A high, shelflike landform. . 
Bottom land. The normal flood plain of a stream, subject to 

frequent flooding. 

Bottom, first. The normal flood plain of a stream; land along a 
stream subject to flooding. 

Bottom, second. An old alluvial plain, generally flat or smooth, 
that borders a stream but is seldom flooded. 

Calcareous soil. A soil containing enough calcium carbonate 
(commonly with magnesium carbonate) to effervesce (fizz) 
visibly when treated with cold, dilute hydrochloric acid. A 
soil having measurable amounts of calcium carbonate or 
magnesium carbonate. 

Clay. As a soil separate, the mineral soil particles less than 
0.002 millimeter in diameter. As a soil textural class, soil 
material that is 40 percent or more clay, less than 45 per- 
cent sand, and less than 40 percent silt. 

Colluvium. Soil material, rock fragments, or both moved by 
creep, slide, or local wash and deposited at the bases of 
steep slopes. 

Complex slope. Irregular or variable slope. Planning or con- 
structing terraces, diversions, and other water-control 
measures is difficult. 

Compresslbte, Excessive decrease in volume of soft soil under 
oad. 

Consistence, soil. The feel of the soil and the ease with which 
a lump can be crushed by the fingers. Terms commonly 
used to describe consistence are— 

Leose.—Noncoherent when dry or moist; does not hold 

_ together in a mass. 

Friable-—When moist, crushes easily under gentle pressure 
between thumb and forefinger and can be pressed together 
into a lump. 

Firm.—When moist, crushes under moderate pressure be- 
tween thumb and forefinger, but resistance is distinctly 
noticeable. 

Plastic.—When wet, readily deformed by moderate pressure 
but can be pressed into a lump; will form a “wire” when 
rolled between thumb and forefinger. 

Sticky.—When wet, adheres to other material and tends to 
stretch somewhat and pull apart rather than to pull free 
from other material. 

Hard.—When dry, moderately resistant to pressure; can be 
broken with difficulty between thumb and forefinger. 

Soft-—When dry, breaks into powder or individual grains 
under very slight pressure. 

Cemented.—Hard; little affected by moistening. 

Contour tillage. Cultivation that follows the contour of the land, 

generally almost at right angles to the slope. 

Cutbanks cave. Unstable walls of cuts made by earthmoving 
equipment. The soil sloughs easily. 
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Drainage class (natural). Refers to the frequency and duration 


of periods of saturation or partial saturation during soil’ 


formation, as opposed to altered drainage, which is com- 
monly the result of artificial drainage or irrigation but 
may te caused by the sudden deepening of channels or the 
blocking of drainage outlets. Seven classes of natural soil 
drainage are recognized: 

Excessively drained—Water .is removed from the soil very 
rapidly. Excessively drained soils are commonly very 
coarse textured, rocky, or shallow. Some are steep. All 
are free of the mottling related to wetness. 

Somewhat excessively drained—Water is removed from the 
soil rapidly. Many somewhat excessively drained soils are 
sandy and rapidly pervious. Some are shallow. Some are 
so steep that much of the water they receive is lost as 
runoff, All are free of the mottling related to wetness. 

Well drained.—Water is removed from the soil readily, but 
not rapidly. It is available to plants throughout most of 
the growing season, and wetness does not inhibit growth 
of roots for significant periods during most growing sea- 
sons. Well drained soils are commonly medium textured. 
They are mainly free of mottling. 

Moderately well drained—Water is removed from the soil 
somewhat slowly during some periods. Moderately well 
drained soils are wet for only a short time during the 
growing season, but periodically for long enough that 
most mesophytic crops are affected. They commonly have 
a slowly pervious layer within or directly below the 
solum, or periodically receive high rainfall, or both. 

Somewhat poorly drained.—Water is removed slowly enough 
that the soil is wet for significant periods during the 
growing season. Wetness markedly restricts the growth 
of mesophytic crops unless artificial drainage is provided. 
Somewhat poorly drained soils commonly have a slowly 
pervious layer, a high water table, additional water from 
Peernae nearly continuous rainfall, or a combination of 
these. 

Poorly drained—Water is removed so slowly that the soil is 
saturated periodically during the growing season or re- 
mains wet for long periods. Free water is commonly at 
or near the surface for long enough during the growing 
season that most mesophytic crops cannot be grown un- 
less the soil is artificially drained. The soil is not con- 
tinuously saturated in layers directly below plow depth. 
Poor drainage results from a high water table, a slowly 
pervious layer within the profile, seepage, nearly con- 
tinuous rainfall, or a combination of these. 

Very poorly drained.—Water is removed from the soil so 
slowly that free water remains at or on the surface dur- 
ing most of the growing season. Unless the soil is artifi- 
cially drained, most mesophytic crops cannot be grown. 
Very poorly drained soils are commonly level or depressed 
and are frequently ponded. Yet, where rainfall is high 
and nearly continuous, they can have moderate or high 
slope gradients, as for example in “hillpeats”:and “cli- 
matic moors.” 

Eolian soil material. Earthy parent material accumulated 
through wind action; commonly refers to sandy material 
in dunes or to loess in blankets on the surface. 

Erosion. The wearing away of the land surface b 
water, wind, ice, or other geologic agents an 
processes as gravitational creep. 

Erosion (geologic). Erosion caused by geologic processes 
acting over long geologic periods and resulting in the 
wearing away of mountains and the building up of such 
landscape features as flood plains and coastal plains. 
Synonym: natural erosion. 

Erosion (accelerated). Erosion much more rapid than geo- 
logic erosion, mainly as a result of the activities of man 
or other animals or of a catastrophe in nature, for 
example. fire, that exposes a bare surface. 

Excess fines. Excess silt and clay. The soil does not provide a 
source of gravel or sand for construction purposes. 

Flooding. The temporary covering of soil with water from over- 
flowing streams, runoff from adjacent slopes, and tides. 
Frequency, duration, and probable dates of occurrence are 
estimated. Frequency is expressed as none, rare, occa- 
sional, and frequent. None means that flooding is not 
probable; rare that it is unlikely but possible under unusual 
weather conditions; occasional that it occurs on an average 
of once or less in-2 years; and frequent that it occurs on an 


running 
by such 
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average of more than once in 2 years. Duration is expressed 
as very brief if less than 2 days, brief if 2 to 7 days, and 
long if more than 7 days. Probable dates are expressed in 
months; November-May, for example, means that flooding 
can occur during the period Novemher through May. Water 
standing for short periods after rainfall or commonly 
covering swamps and marshes is not considered flooding. 

Flood plain. A nearly level alluvial plain that borders a stream 
and is subject to flooding unless protected artificially. 

Frost action. Freezing and thawing of soil moisture. Frost 
action can damage structures and plant roots. 

Glacial drift (geology). Pulverized and other rock material 
transported by glacial ice and then deposited. Also the 
assorted and unassorted material deposited by streams 
flowing from glaciers. 

Glacial outwash (geology). Gravel, sand, and silt, commonly 
stratified, deposited by melt water as it flows from glacial 


ice. 

Glacial till (geology). Unassorted, nonstratified glacial drift 
consisting of clay, silt, sand, and boulders transported and 
deposited by glacial ice. 

Gleyed soil. A soil having one or more neutral gray horizons as 
a result of waterlogging and lack of oxygen. The term 
“gleyed” also designates gray horizons and horizons hav- 
ing yellow and gray mottles as a result of intermittent 
waterlogging. 

Horizon, soil. A layer of soil, approximately parallel to the 
surface, having distinct characteristics produced by _soil- 
forming processes. The major horizons of mineral soil are 
as follows: 

O herizon.—An organic layer, fresh and decaying plant resi- 
due, at the surface of a mineral soil. 

A horizon.—The mineral horizon, formed or forming at or 
near the surface, in which an accumulation of humi- 
fied organic matter is mixed with the mineral material. 
Also, a plowed surface horizon most of which was origi- 
nally part of a B_ horizon. 

A2 horizon.—A mineral horizon, mainly a residual concentra- 
tion of sand and silt high in content of resistant minerals 
as a result of the loss of silicate clay, iron, aluminum, or 
a combination of these. 

B horizon.—The mineral horizon belaw an A horizon. The B 
horizon is in part a layer of change from the overlying 
A to the underlying C horizon. The B horizon also has 
distinctive characteristics caused (1) by accumulation 
of clay, sesquioxides, humus, or a combination of these; 
(2) by prismatic or blocky structure; (8) by redder or 
browner colors than those in the A horizon; or (4) by a 
combination of these. The combined A and B horizons are 
generally called the solum, or true soil. If a soil lacks a 
B horizon, the A horizon alone is the solum. 

C horizon.—The mineral horizon or layer, excluding indurated 
bedrock, that is little affected by soil-forming processes 
and does not have the properties typical of the A or B 
horizon. The material of a C horizon may be either like 
or unlike that from which the solum is presumed to have 
formed. If the material is known to differ from that in 
the solum the Roman numeral II precedes the letter C. 

R layer.—Consolidated rock beneath the soil. The rock com- 
monly underlies a C horizon, but can be directly below 
an A or a B horizon. 

Humus. The well decomposed, more or less stable part of the 
organic matter in mineral soils. 

Hydrologic soil groups. Refers to soils grouped according to 
their runoff-producing characteristics. The chief considera- 
tion is the inherent capacity of soil bare of vegetation to 
permit infiltration. The slope and the kind of plant cover 
are not considered, but are separate factors in predicting 
runoff. Soils are assigned to four groups. In group A are 
soils having a high infiltration rate when thoroughly wet 
and having a low runoff potential. They are mainly deep, 
well drained, and sandy or gravelly. In group D, at the 
other extreme, are soils having a very slow infiltration rate 
and thus a high runoff potential. They have a claypan or 
clay layer at or near the surface, have a permanent high 
water table, or are shallow over nearly impervious bedrock 
or other material. A soil is assigned to two hydrologic 
groups if part of the acreage is artificially drained and 
part is undrained. 

Leaching. The removal of soluble material from soil or other 
material by percolating water. 
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Loam. Soil material that is 7 to 27 percent clay particles, 28 
to 50 percent silt particles, and less than 52 percent sand 
particles. . : 

Loess. Fine eee material, dominantly of silt-sized particles, 
deposited by wind. . 

Low strength. Inadequate strength for supporting loads. 

Mottling, soil. Irregular spots of different colors that vary in 
number and size. Mottling generally indicates poor aeration 
and impeded drainage. Descriptive terms are as follows: 
abundance—few, common, and many; size—fine, medium, 
and coarse; and contrast—faint, distinct, and prominent. 
The size measurements are of the diameter along the 
greatest dimension. Fine indicates less than 5 millimeters 
(about 0.2 inch); medium, from 5 to 15 millimeters (about 
0.2 to 0.6 inch); and coarse, more than 15 millimeters (about 
0.6 inch). 

Parent material. The great variety of unconsolidated organic 
and mineral material in which soil forms. Consolidated 
bedrock is not yet parent material by this concept. 

Ped. An individual natural soil aggregate, such as a granule, 
a prism, or a block. . 

Percolation. The downward movement of water through the soil. 

Peres slowly. The slow movement of water through the soil ad- 
versely affecting the specified use. 

Permeability. The quality that enables the soil to transmit water 
or air, measured as the number of inches per hour that 
water moves through the soil. Terms describing permeabil- 
ity are very slow (less than 0.06 inch), slow (0.06 to 0.20 
inch), moderately slow (0.2 to 0.6 inch), moderate (0.6 to 
2.0 inches), moderately rapid (2.0 to 6.0 inches), rapid (6.0 
to 20 inches), and very rapid (more than 20 inches). 

Piping. Moving water forms subsurface tunnels or pipelike 
cavities in the soil. 

Poor outlets. Surface or subsurface drainage outlets difficult or 
expensive to install. 

Profile, soil. A vertical section of the soil extending through all 
its horizons and into the parent material. 

Reaction, soil. The degree of acidity or alkalinity of a soil, ex- 
pressed in pH values. A soil that tests to pH 7.0 is described 
as precisely neutral in reaction because it is neither acid 
nor alkaline. The degree of acidity or alkalinity is ex- 
pressed as— 


pH pH 
Extremely acid --Below4.5 Neutral - -__-_-.- 6.6 to 7.3 
Very strongly Mildly alkaline ___7.4 to 7.8 
acid s.2 2s sens! 4.5 t05.0 Moderately 
Strongly acid -~-~5.1 to 5.5 alkaline —-----_ 7.9 to 8.4 
Medium acid ~----_ 5.6+06.0 Strongly 
Slightly acid -.---_ 6.1 to 6.5 alkaline ------_ 8.5 to 9.0 
Very strongly 
alkaline ____9.1 to higher 


Relief. The elevations or inequalities of a land surface, con- 
sidered collectively. 

Rooting depth. Shallow root zone. The soil is shallow over a 
layer that greatly restricts roots. See Root zone. 

Sand. As a soil separate, individual rock or mineral fragments 
from 0.05 millimeter to 2.0 millimeters in diameter. Most 
sand grains consist of quartz. As a soil textural class, a 
soil that is 85 percent or more sand and not more than 10 
percent clay. . 

Seepage. The rapid movement of water through the soil. Seep- 
age adversely affects the specified use. 

Series, soil. A group of soils, formed from a particular type of 
parent mecnel having horizons that, except for the tex- 
ture of the A or surface horizon, are similar in all profile 
characteristics and in arrangement in the soil profile. 
Among these characteristics are color, texture, structure, 
reaction, consistence, and mineralogical and chemical com- 
position. _. 

Shrink-swell. The shrinking of soil when dry and the swelling 
when wet. Shrinking and swelling can damage roads, dams, 
building foundations, and other structures. It can also 
damage plant roots. 

Silt. As a soil separate, individual mineral particles that range 
in diameter from the upper limit of clay (0.002 millimeter) 
to the lower limit of very fine sand (0.05 millimeter). As a 
soil textural class, soil that is 80 percent or more silt and 
less than 12 percent clay. ; ' 

Slow intake. The slow movement of water into the soil. 

Slow refill. The slow filling of ponds, resulting from restricted 
permeability in the soil. 
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Soil. A natural, three-dimensional body at the earth’s surface 
that is capable of supporting plants and has properties 
resulting from the integrated effect of climate and living 
matter acting on earthy parent material, as conditioned by 
relief over periods of time. : 

Solum. The upper part of a soil profile, above the C horizon, in 
which the processes of soil formation are active. The solum 
in mature soil consists of the A and B horizons. Generally, 
the characteristics of the material in these horizons are 
unlike those of the underlying material. The living roots 
and other plant and animal life characteristics of the soil 
are largely confined to the solum. 

Stratified. Arranged in strata, or layers. The term refers to 
geoglogic material. Layers in soils that result from the 
processes of soil formation are called horizons; those in- 
herited from the parent material are called strata. - 

Structure, soil. The arrangement of primary soil particles into 
compound particles or aggregates that are separated from 
adjoining aggregates. The principal forms of soil structure 
are—-platy (laminated), prismatic (vertical axis of aggre- 
gates longer than horizontal), columnar (prisms with 
rounded tops), blocky (eneuiee or subangular), and granu- 
ular. Structureless soils are either single grained (each 
grain by itself, as in dune eg or massive (the particles 
adhering without any regular cleavage, as in many hard- 


pans). 

Subsoil. echnicaly, the B horizon; roughly, the part of the 
solum below plow depth. 

Subsoil phosphorus. The relative amount of phosphorus (P) in 
the soil between depths of 25 and 36 inches. The classes are 
very low (VL), low (L), medium (M), and high (H). 

Subsoil potassium, The relative amount of potassium (K) in the 
soil between depths of 6 and 12 inches. The classes are very 
low minus (VL—), very low plus (VL+), low (L), medium 
(M), and high (H). 

Substratum. The part of the soil below the solum. 

Terrace. An embankment, or ridge, constructed across sloping 
soils on the contour or at a slight angle to the contour. The 
terrace intercepts surface runoff so that it can soak into 
the soil or flow slowly to a prepared outlet without harm. 
A terrace in a field is generally built so that the field can 
be farmed. A terrace intended mainly for drainage has a 
deep channel that is maintained in permanent sod. 

Terrace (geologic). An old alluvial plain, ordinarily fiat or 
undulating, bordering a river, a lake, or the sea. A stream 
terrace is frequently called a second bottom, in contrast 
with a flood plain, and is seldom subject to overflow. A 
marine terrace, generally wide, was deposited by the sea. 

Texture, soil. The relative proportions of sand, silt, and clay 
particles in a mass of soil. The basic textural classes, in 
order of increasing proportion of fine particles, are small 
loamy sand, sandy loam, loam, silt, silt loam, sandy clay 
loam, clay loam, silty clay loam, sandy clay, silty clay, and 
clay. The sand, loamy sand, and sandy loam classes may -be 
further divided by specifying “coarse,” “fine,” or “very 


Thin layer. Otherwise suitable soil material too thin for the 
specified use. 

Tilth, soil. The condition of the soil, especially the soil structure, 
as related to the growth of plants. Good tilth refers to the 
friable state and is associated with high noncapillary poros- 
ity and stable structure. A soil in poor tilth is nonfriable, 
hard, nonaggregated, and difficult’ to till. 

Underlying material. Material below the soil. In most soils it is 
similar to the parent material in which the soil formed. 
Upland (geology). Land at a higher elevation, in general, than 
the alluvial plain or stream terrace; land above the lowlands 

along streams. 

Water table. The upper limit of this soil or underlying rock 
material that is wholly saturated with water. 

Water table, apparent. A thick zone of free water in the soil. 
An apparent water table is indicated by the level at which 
water stands in an uncased borehole after adequate time 
is allowed for adjustment in the surrounding soil. 

Water table, artesian. A water table under hydrostatic head, 
generally beneath an impermeable layer. When this layer 
is penetrated, the water level rises in an uncased borehole. 

Water table, perched. A water table standing above an unsatu- 
rated zone. In places an upper, or perched, water table 
is separated from a lower one by a dry zone. 


GUIDE TO MAPPING UNITS 


Capability 
Described unit 


Map on 
symbol Mapping unit page Symbol Page 
103. Ida silt loam, 9 to 14 percent slopes, severely eroded------------------------ 25 IIlIe-2 60 
1E3 Ida silt loam, 14 to 20 percent slopes, severely eroded----------------------- 25 IVe-1 61 
IF3 Ida silt loam, 20 to 30 percent slopes, severely eroded----------------------- 25 VIe-1 62 
SB Kennebec-Ackmore complex, 2 to 5 percent slopes-------- fenene 27 IIw-1 58 
CSB Kennebec-Ackmore complex, channeled, 2 to S percent slopes-------------------- 27 Vw-1 62 
6 Okoboji silty clay loam, 0 to 1 percent slopes-------------------------------- 36 IIIw-1 60 
8C Judson silty clay loam, 3 to 8 percent slopes------------- 26 IIle-1 59 
9B Marshall silty clay loam, 2 to 5 percent slopes 32 TlIe-1 58 
9B2 Marshall silty clay loam, 2 to S percent slopes, moderately eroded------------ 32 IIe-1 58 
9c Marshall silty clay loam, 5 to 9 percent slopes------------------------------- 32 TIle-1 59 
9C2 Marshall silty clay loam, 5 to 9 percent slopes, moderately eroded--~--------- 33 IIIe-1 59 
9D2 Marshall silty clay loam, 9 to 14 percent slopes, moderately eroded----------- 33 IIIe-2 60 
9D3 Marshall silty clay loam, 9 to 14 percent slopes, severely eroded------~------- 33 IIIe-2 60 
10D3 Monona silt loam, 9 to 14 percent slopes, severely eroded--------------------- 34 IIle-2 60 
10E3 Monona silt loam, 14 to 20 percent slopes, severely eroded-------------------- 34 IVe-1 61 
11B  Colo-Ely silty clay loams, 2 to 5 percent slopes------------------------------ 18 IIw-1 58 
24C2 Shelby loam, 5 to 9 percent slopes, moderately eroded 43 IITe-1 59 
24D2 Shelby loam, 9 to 14 percent slopes, moderately eroded--~-----~--~-------------- 43 ITle-2 60 
24E2 Shelby loam, 14 to 18 percent slopes, moderately eroded----------------------- 43 VIe-1 62 
26B Kennebec silty clay loam, 2 to 5 percent slopes 27 Ile-1 58 
27C Terril loam, 3 to 8 percent slopes--------------------------------~--~--------- 47 Ilfe-1 59 
31 Afton silty clay loam, 0 to 2 percent slopes----------------~------------------ 10 IIw-1 58 
33E  Steinauer loam, 9 to 18 percent slopes-------------------- 45 VIe-1 62 
33F Steinauer loam, 18 to 40 percent slopes----------~--------- 45 VIe-1 62 
41D Sparta loamy fine sand, 5 to 14 percent slopes 43 VIs-1 62 
54 Zook silty clay loam, 0 to 2 percent slopes--------------- 51 IIw-2 59 
55 Nicollet loam, 1 to 3 percent slopes------------------- 34 I-1° 58 
62C Storden loam, 5 to 9 percent slopes--- 45 IITe-1 59 
62D Storden loam, 9 to 14 percent slopes-- 45 IIle-2 60 
62E Storden loam, 14 to 18 percent slopes---- 45 IVe-1 61 
62F Storden loam, 18 to 25 percent slopes----------------------------------------- 46 Vie-1 62 
62G  Storden loam, 25 to 40 percent slopes~-~-------------------+-------+---------- 46 VITe-1 62 
73C Salida gravelly loamy sand, 5 to 9 percent slopes------ 42 IVe-2 61 
73D Salida gravelly loamy sand, 9 to 14 percent slopes 42 IVe-2 61 
77B Sac silty clay loam, loam substratum, 2 to 5 percent slopes------------------- 39 IIe-1 58 
77B2 Sac silty clay loam, loam substratum, 2 to 5 percent slopes, moderately 

eroded------------- -~-~ -- -- 2 = oo on on no nn nn nn ne nn en ne ee ee en en en en on en eee ne ee 39 IIe-1 58 
77C Sac silty clay loam, loam substratum, 5 to 9 percent slopes------------------- 39 IIle-1 59 
77C2 Sac silty clay loam, loam substratum, 5 to 9 percent slopes, moderately . 

eroded~----------------------+--+------- ---- == 2-2 oo oe ene een re nese 40 IIlIe-1 59 
78B Sac silty clay loam, clay loam substratum, 2 to-S percent slopes-----~-------- 40 ITe-1 58 
78B2 Sac silty clay loam, clay loam substratum, 2 to 5 percent slopes, moderately 

eroded---~-------------------------+------------------ +--+ ---2--------------+- 40 IIe-1 58 
78C Sac silty clay loam, clay loam substratum, 5 to 9 percent slopes----~--------- 41 IIIe-1 59 
78C2 Sac silty clay loam, clay loam substratum, 5 to 9 percent slopes, moderately 

eroded-~~--------------------- ------ -- -- -- 22 2 22 2 eo oo 2 en eo ne en ene eee 41 IIle-1 59 
91 Primghar silty clay loam, 0 to 3 percent slopes----- 37 I-1 58 
92 Marcus silty clay loam, 0 to 2 percent slopes------- 31 IIw-1 58 
95 Harps loam, 0 to 2 percent slopes---------------------- 24 IIw-1 58 
107 Webster silty clay loam, 0 to 2 percent slopes-------------------------------- 50 IIw-1 58 
108 Wadena loam, 24 to 32 inches to sand and gravel, 0 to 2 percent slopes-------- 49 IIs-1 59 
108B Wadena loam, 24 to 32 inches to sand and gravel, 2 to 5 percent slopes-------- 49 ITe-2 58 
108C2 Wadena loam, 24 to 32 inches to sand and gravel, 5 to 9 percent slopes, 

moderately eroded----------------------------------------------------------- 49 IITe-3 60 
133. Colo silty clay loam, 0 to 2 percent slopes 18 TIw-2 59 
134 Zook silty clay, 0 to 2 percent slopes-------------- 51 IIw-2 59 
135  Coland clay loam, 0 to 2 percent slopes-------------------------------+------- 16 IIw-2 59 
135B Coland clay loam, 2 to 4 percent slopes--------------------------------------- 16 IIw-1 58 
138B Clarion loam, 2 to 5 percent slopes 15 IIe-1 58 
138C Clarion loam, 5 to 9 percent slopes 15 IITe-1 59 


GUIDE TO MAPPING UNITS--Continued 


Capability 
Described unit 
Map on 
symbol Mapping unit page 
138C2 Clarion loam, 5 to 9 percent slopes, moderately eroded------------------------ 16 
138D2 Clarion loam, 9 to 14 percent slopes, moderately eroded----------------------- 16 
174B Bolan loam, 2 to 5 percent slopes-----------~-=------------------------------- 13 
174C2 Bolan loam, 5 to 9. percent slopes, moderately eroded----------------~--------- 13 
174D2 Bolan loam, 9 to 14 percent slopes, moderately eroded------------------------- 13 
201B Coland-Spillville complex, 2 to 5 percent slopes------------------------------ 17 
C201B Coland-Spillville complex, channeled, 2 to 5 percent slopes------------------- 17 
202 Cylinder loam, 24 to 32 inches to sand and gravel, 0 to 2 percent slopes------ 19 
203 Cylinder loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes------ 19 
221 Palms muck, 0 to 1 percent slopes-~--~-~---------------------------------------- 37 
234 Nishna silty clay loam, 0 to 2 percent slopes--------------------------------- 35 
236B Lester loam, 2 to 7 percent SlopesS--------0-- enn 8 m2 nn nn en en nn nnn nn ne en nn renee 29 
259 Biscay clay loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes--- 11 
274 Rolfe loam, 0 to 1 percent slopes-----~-~------------------------ Hae ene nn nn --- 38 
308 Wadena loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes-------- 48 
308B Wadena loam, 32 to 40 inches to sand and gravel, 2 to 5 percent slopes-------- 48 
310 Galva silty clay loam, 0 to 2 percent slopes--------------------- 2-22 -- errr nee 23 
310B Galva silty clay loam, 2 to 5S percent slopes---------------------------------- 23 
310B2 Galva silty clay loam, 2 to 5 percent slopes, moderately eroded--------------- 23 
310C Galva silty clay loam, 5 to 9 percent slopes----------------------+----------- 23 
310C2 Galva silty clay loam, 5 to 9 percent slopes, moderately eroded--------------- 23 
T310 Galva silty clay loam, benches, 0 to 2 percent slopes------------------------- 23 
T310B Galva silty clay loam, benches, 2 to 5 percent slopes---~--------------------+- 24 
315 Alluvial land------------------- ---- ~~ -- 22-2 20-2 22 0 on on eo nn nn rn re ence n ne 10 
323B Terril loam, sandy substratum, 2 to 5 percent slopes-~------------------------- 47 
325 Le Sueur loam, 1 to 3 percent slopes--~------- porn nn ne nn nn nn en ee ne en ene ene 30 
354 Marsh------------------ 23-222 nn nnn no nn nnn nn nn nr rn rn nn nn nn nn nn ne cn rn cece nee 31 
384 Collinwood silty clay loam, 1 to 3 percent jslopes wer re er et etn ee en enter e eens 18 
390 Waldorf silty clay loam, 0 to 2 percent slopes-----------~-----~-----~-------- 50 
397B Letri silty clay loam, 1 to 4 percent slopes------- 31 
428 Ely silty clay loam, 1 to 3 percent slopes------ 20 
430 Ackmore silt loam, 0 to 2 percent slopes-------------------+-------+---+------ 9 
430B Ackmore silt loam, 2 to 5 percent slopes-------+------------- 20 nn nn nnn n en nn ne ne 5 
485 Spillville loam, 0 to 2 percent slopes-------------------------------~--------- 44 
485B Spillville loam, 2 to 5 percent slopes---------------------------------------- 44 
506 Wacousta silty clay loam, 0 to 1 percent slopes------------------------------- 48 
507 Canisteo silty clay loam, 0 to 2 percent slopes----------------+-~-----++--+--- 14 
$11 Blue Earth silty clay loam, 0 to 1 percent slopes------------+---+------------ 12 
559 Talcot clay loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes--- 46 
.577C2 Everly clay loam, 4 to 9 percent slopes, moderately eroded-------------------- 21 
577D2 Everly clay loam, 9 to 14 percent slopes, moderately eroded------------------- 21 
606 Lanyon silty clay loam, 0 to 1 percent slopes--------------------------------- 28 
733 Calco silty clay loam, 0 to 2 percent slopes---------------------------------- 14 
823B Flagler sandy loam, calcareous subsoil variant, 2 to S percent slopes--------- 22 
823C2 Flagler sandy loam, calcareous subsoil variant, 5 to 9 percent slopes, 
moderately eroded----------------------------------------------------------- 22 
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This document is not accessible by screen-reader software. The Natural 
Resources Conservation Service (NRCS) is committed to making its information 
accessible to all of its customers and employees. If you are experiencing accessibility 
issues and need assistance, please contact our Helpdesk by phone at 
1-800-457-3642 or by e-mail at ServiceDesk-FTC @ftc.usda.gov. For assistance with 
publications that include maps, graphs, or similar forms of information, you may also 
wish to contact our State or local office. You can locate the correct office and phone 
number at http://offices.sc.egov.usda.gov/locator/app. 

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, and 
where applicable, sex, marital status, familial status, parental status, religion, sexual 
orientation, genetic information, political beliefs, reprisal, or because all or a part of an 
individual's income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require alternative means 
for communication of program information (Braille, large print, audiotape, etc.) should 
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 
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CONVENTIONAL AND SPECIAL 


CULTURAL FEATURES 


BOUNDARIES 
National, state or province 
County or parish 
Minor civil division 
Reservation (national forest or park, 
state forest or park, 
and large airport) 
Land grant 
Limit of soil survey (label) 
Field sheet matchline & neatline 
AD HOC BOUNDARY (label) 
Small airport, airfield, park, oilfield, 
cemetery, or flood pool 
STATE COORDINATE TICK 
LAND DIVISION CORNERS 
(sections and land grants) 
ROADS 
Divided (median shown 
if scale permits) 
Other roads 
Trail 
ROAD EMBLEMS & DESIGNATIONS 
Interstate 
Federal 
State 
County, farm or ranch 
RAILROAD 
POWER TRANSMISSION LINE 


(normally not shown) 


PIPE LINE 
(normally not shown) 


FENCE 

(normally not shown) 
LEVEES 

Without road 

With road 

With railroad 
DAMS 

Large (to scale) 

Medium or small 
PITS 


Gravel pit 


Mine or quarry 
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MISCELLANEOUS CULTURAL FEATURES 


Farmstead, house . 
(omit in urban areas) 
Church : 
School é 
Indian 
Mound 
Indian mound (label) nN 
Tower 
Located object (label) E 
GAS 
Tank (label) . 
Wells, oil or gas 4° 
Windmill E 
Kitchen midden 
DRAINAGE 
eee 
Perennial, double line — 
Perennial, single line an = 
Intermittent 
Crossable with tillage 
implements fens pat 
Not crossable with tillage 
implements a 


Drainage end 
Canals or ditches 
Double-line (label) CANAL 


Drainage and/or irrigation 


LAKES, PONDS AND RESERVOIRS 


Perennial : 
Intermittent ‘ae si af & i ‘ 
MISCELLANEOUS WATER FEATURES 
Marsh or swamp RA 
Spring ox 
Well, artesian - 
Well, irrigation o 
Wet spot v 


SPECIAL SYMBOLS FOR 
SOIL SURVEY 


1086 
SOIL DELINEATIONS AND SYMBOLS 
ESCARPMENTS 
Bedrock VV YYW NWN INYY 
(points down slope) 
Other than bedrock seeveevenensevenenenenseseenes 
(points down slope) 
SHORT STEEP SLOPE = =—«—_-—___l ewe eect eeeeees 
GULLY 
DEPRESSION OR SINK co) 
SOIL SAMPLE SITE © 
(normally not shown) 
MISCELLANEOUS 
Blowout 7 
Clay spot *% 
Gravelly spot oo 
Gumbo, slick or scabby spot (sodic) @ 
Made land a 
Prominent hill or peak wre 
bys 
Rock outcrop v 
(includes sandstone) 
Saline spot + 
Sandy spot 2 
Severely eroded spot = 
Slide or slip (tips point upslope) >) ) 
Stony spot, very stony spot 0 ® 
Area of Okoboji Soil 2 acre or less so 
Calcareous area 1 acre or less ® 


Area of Rolfe Soil 2 acre or less e 
Area of Clarion Soil 42 acre or less + 
Area of shale outcrop ‘2 acre or less x= 
Area of glacial till outcrop 2 acre or less # 


Borrow area BA. 
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Each area outlined on this map consists of 
more than one kind of soil. The map is thus 
meant for general planning rather than a basis 
for decisions on the use of specific tracts. 
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GENERAL SOIL MAP 
SAC COUNTY, IOWA 
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SOIL ASSOCIATIONS 


Clarion—Nicollet—Canisteo association: Well drained to poorly drained, 
loamy, nearly level to strongly sloping soils on uplands 


Galva—Primghar—Sac association: Well drained to somewhat poorly 
drained, silty, nearly level to moderately sloping soils on uplands 


Galva—Primghar—Afton association: Well drained to poorly drained, 
silty, nearly level to moderately sloping soils on uplands and in drain- 
ageways 


Marshall association: Weli drained, silty, gently sloping to strongly 
sloping soils on uplands 


Colo—Galva association: Poorly drained to well drained, silty, nearly 
level and gently sloping soils on bottom lands and stream benches 


Coland—Alluvial land—Spillville association: Well drained to poorly 
drained, sandy and loamy, nearly level and gently sloping soils on 
bottom lands 


Compiled 1977 


SECTIONALIZED 
TOWNSHIP. 
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IOWA AGRICULTURE AND HOME ECONOMICS EXPERIMENT STATION 
U. S. DEPARTMENT OF AGRICULTURE COOPERATIVE EXTENSION SERVICE, IOWA STATE UNIVERSITY 
SOIL CONSERVATION SERVICE SAC COUNTY, IOWA DEPARTMENT OF SOIL CONSERVATION, STATE OF IOWA 


SOIL LEGEND 


Symbols consist of numbers or a combination of numbers and letters; for example, 9, 31, 174B, 310B2. The 1, 2, or 3 digit number 
designates the kind of soil or land type. A capital letter B, C, D, E, F, or G following a number indicates the class of slope. Symbols 
without a slope letter are those for units that are nearly level. A final number 2 or 3 following a letter indicates that the soil is moder- 
ately eroded or severely eroded, respectively. The capital C or T used as a prefix indicates a channeled phase or a bench phase, 
respectively. 


SYMBOL NAME SYMBOL NAME SYMBOL NAME 


1D3 Ida silt loam, 9 to 14 percent slopes, severely eroded Sac silty clay loam, loam substratum, 5 to 9 percent slopes Rolfe loam, 0 to 1 percent slopes 
1E3 Ida silt loam, 14 to 20 percent slopes, severely eroded Sac silty clay loam, loam substratum, 5 to 9 percent slopes, moderately eroded Wadena loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes 
1F3 Ida silt loam, 20 to 30 percent slopes, severely eroded Sac silty clay loam, clay loam substratum, 2 to 5 percent slopes Wadena loam, 32 to 40 inches to sand and gravel, 2 to 5 percent slopes 
SB Kennebec-Ackmore complex, 2 to 5 percent slopes Sac silty clay loam, clay loam substratum, 2 to 5 percent slopes, moderately Galva silty clay loam, 0 to 2 percent slopes 
CSB Kennebec-Ackmore complex, channeled, 2 to 5 percent slopes eroded Galva silty clay loam, 2 to 5 percent slopes 
6 Okoboji silty clay loam, 0 to 1 percent slopes Sac silty clay loam, clay loam substratum, 5 to 9 percent slopes Galva silty clay loam, 2 to 5 percent slopes, moderately eroded 
8c Judson silty clay loam, 3 to 8 percent slopes Sac silty clay loam, clay loam substratum, 5 to 9 percent slopes, moderately Galva silty clay loam, 5 to 9 percent slopes 
Marshall silty clay loam, 2 to 5 percent slopes eroded Galva silty clay loam, 5 to 9 percent slopes, moderately eroded 
Marshall silty clay loam, 2 to 5 percent slopes, moderately eroded Primghar silty clay loam, 0 to 3 percent slopes Galva silty clay loam, benches, 0 to 2 percent slopes 
Marshall silty clay loam, 5 to 9 percent slopes Marcus silty clay loam, 0 to 2 percent slopes Galva silty clay loam, benches, 2 to 5 percent slopes 
Marshall silty clay loam, 5 to 9 percent siopes, moderately eroded Harps loam, 0 to 2 percent slopes Alluvial land 
Marshall silty clay loam, 9 to 14 percent slopes, moderately eroded Webster silty clay loam, 0 to 2 percent slopes Terril loam, sandy substratum, 2 to 5 percent slopes 
Marshall silty clay loam, 9 to 14 percent slopes, severely eroded Wadena loam, 24 to 32 inches to sand and gravel, 0 to 2 percent slopes Le Sueur loam, 1 to 3 percent slopes 
Monona silt loam, 9 to 14 percent slopes, severely eroded Wadena loam, 24 to 32 inches to sand and gravel, 2 to 5 percent slopes Marsh 
Monona silt loam, 14 to 20 percent slopes, severely eroded Wadena loam, 24 to 32 inches to sand and gravel, 5 to 9 percent slopes, Collinwood silty clay loam, 1 to 3 percent slopes 
Colo-Ely silty clay loams, 2 to 5 percent slopes moderately eroded Waldorf silty clay loam, 0 to 2 percent slopes 
Shelby loam, 5 to 9 percent slopes, moderately eroded Colo silty clay loam, 0 to 2 percent slopes Letri silty clay loam, 1 to 4 percent slopes 
Shelby loam, 9 to 14 percent slopes, moderately eroded Zook silty clay, 0 to 2 percent slopes Ely silty clay loam, 1 to 3 percent slopes 
Shelby loam, 14 to 18 percent slopes, moderately eroded Coland clay loam, 0 to 2 percent slopes Ackmore silt loam, 0 to 2 percent slopes 
Kennebec silty clay loam, 2 to 5 percent slopes Coland clay loam, 2 to 4 percent slopes Ackmore silt loam, 2 to 5 percent slopes 
Terril loam, 3 to 8 percent slopes Clarion loam, 2 to 5 percent slopes Spillville loam, 0 to 2 percent slopes 
Afton silty clay loam, 0 to 2 percent slopes Clarion loam, 5 to 9 percent slopes Spillville loam, 2 to 5 percent slopes 
Steinauer loam, 9 to 18 percent slopes Clarion loam, 5 to 9 percent slopes, moderately eroded Wacousta silty clay loam, 0 to 1 percent slopes 
Steinauer loam, 18 to 40 percent slopes Clarion loam, 9 to 14 percent slopes, moderately eroded Canisteo silty clay loam, 0 to 2 percent slopes 
Sparta loamy fine sand, 5 to 14 percent slopes Bolan loam, 2 to 5 percent slopes Blue Earth silty clay loam, 0 to 1 percent slopes 
Zook silty clay loam, 0 to 2 percent slopes Bolan loam, 5 to 9 percent slopes, moderately eroded Talcot clay loam, 32 to 40 inches to sand and gravel, 0 to 2 percent 
Nicollet loam, 1 to 3 percent slopes Bolan foam, 9 to 14 percent slopes, moderately eroded Slopes 
Storden loam, 5 to 9 percent slopes Coland-Spillville complex, 2 to 5 percent slopes Everly clay loam, 4 to 9 percent slopes, moderately eroded 
Storden loam, 9 to 14 percent slopes Coland-Spillville complex, channeled, 2 to 5 percent slopes Everly clay loam, 9 to 14 percent slopes, moderately eroded 
Storden loam, 14 to 18 percent slopes Cylinder loam, 24 to 32 inches to sand and gravel, 0 to 2 percent slopes Lanyon silty clay loam, 0 to 1 percent slopes 
Storden loam, 18 to 25 percent slopes Cylinder loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes Calco silty clay loam, 0 to 2 percent slopes 
Storden loam, 25 to 40 percent slopes Palms muck, 0 to 1 percent slopes Flagler sandy loam, calcareous subsoil variant, 2 to 5 percent slopes 
Salida gravelly loamy sand, 5 to 9 percent slopes Nishna silty clay loam, 0 to 2 percent slopes Flagler sandy: loam, calcareous subsoil variant, 5 to 9 percent slopes, 
Salida gravelly loamy sand, 9 to 14 percent slopes Lester loam, 2 to 7 percent slopes moderately eroded 
Sac silty clay loam, loam substratum, 2 to 5 percent slopes Biscay clay loam, 32 to 40 inches to sand and gravel, 0 to 2 percent 
Sac silty clay loam, loam substratum, 2 to 5 percent slopes, slopes 
moderately eroded 
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